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FOREWORD 



The topic "Data Needs m the 1990s for Monitoring Labor-Market Conditions for 
Engineers" is most important as the United States faces the problems generated by a global 
economy, a strongly intemadonalized engineering enterprise, and industrial 
competitiveness. To grapple with the policy issues that relate to the character of the U.S. 
R&D enterprise, our industrial capabilities, labor-market comlitions for engmeers, and the 
education of engineers, improved data are needed Policies need to be based on 
quantitative, not anecdotal, data* The National Science Foundation for many years has 
been in the forefront of producing quantitative information on the ba^is of which policy 
decisions can be made-particularly in its Science and Engineering Indicators, which 
presents quantitative information that has been invaluable in shaping educational, 
governmental, and research policies. 

At the ivorkshop convened on March 28, 1988, participants considered data needs for 
the next decade. The kinds of data that we will need will depend on what we consider 
important information required for policy and management decisions. TTie four major 
issues addi^ssed at the workshop-occupational mobility and flow dynamics, international 
flows of engineers, technical currency, and the role of underrepresented groups in 
engineering-generate requirements for data not now available. 

Consider, for example, occupational mobili^: several years ago the impact of the 
military buildup in this country upon the availability of engineers for civil industry was an 
issue. The National Research Council's Office of Scientific and Engineering Personnel 
(OSEI^ examined quantitative data tiiat revealed that during past buildups, there was a 
remarkable amount of occupational mobility^ungibility. The problem was found to be less 
serious than anticipated. In the future, as the military buildup levels off, the reverse may be 
of concern. The question of occupational mobility is central. 

Technical currency is another issue that has been discussed widely. In a rapidly 
changing technological world, technical obsolescence is a continuing problem Although 
many large corporations have excellent career-long education programs and professional 
engineering societies arc deeply involved in continuing education activities, as are U.S. 
univ-5rsities, tiiere is no national policy tiiat addresses tiiis issue. It is important to have 
data to determine whether governmental intervention is desirable or whether the engineering 
community as a whole needs to take action. 

There are growing concerns in some parts of the engineering community about the 
effect of international flows of engineers, especially from foreign countries to this country, 
on the U.S. engineering enterprise. How we address these concerns in the United States 
will be important OSEP, in a recent study, found serious needs for data on which one 
could base policy decisions with respect to international flows. 
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The pioblons of wOTacn and muiorities in cnginccriiig have been with us for a long 
time. There has been a significant increase in the number of women entering engineering, 
but the same is not trut of minorities. It seems strange to have forecasts of a shuitage of 
engineers which can only be met by foreign inflows of engineers when the United States 
has an underutilizsed talent pool in its women and minorities. Why are they not moving in 
adequate numbers into the engineering professions, which represent some of the mc st 
exciting, best-paying jobs in die countty? Better quantitative dm are needed to answer that 
question and to formulate policies. 

Qearly, nvc need decidedly better and more relevant quantitative data if we are to 
monitor with confidence the dynamics of the engineering component of the nation's 
technology base and formulate wise national engineering i oanpower policies. This report 
provides guidance to the National Science Foundation and other agencies for the collection 
of data to serve the needs of the country. 

Robert M.White 
President 

National Academy of Engineeiing 
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PREFACE AND ACKNOWLEDGMENTS 



A major concern of the National Science Foundation (NSF) is gaining a better 
understanding of the large and diverse number of data bases focused on the engineering 
community. An earlier study conducted by tne National Research Council's Committee on 
the Education and Utilization of the Engineer (CEUE) and partially funded by NSF had 
recommended that (1) the data-collection agencies use common definitions to identify and 
* collect consistent ii^ormation on different segments of the engineering conmiunity and 
(2) data-collection agencies be ccmvened to (tiscuss how best to make those data more 
conq)lete, accurate, and conqmtible. Respondirg to CEUE's recommendation, NSF asked 
the National Research Council to conduct a study of data needs for monitoring engineering 
labor-maricet conditions that would addrcss the definitional and methodological d^ffercnces 
of existing data bases, mechanisms to reduce current information gaps, and future data 
ne^. In particular, as NSF onbarked on an ambitious effort to evaluate and redesign its 
Scientific and Technical Personnel Data System for the 1990s, it was interested in 
answering five questions: 

1 . Among the major data bases, what are the similarities and differmces in the 
definition of "engineer" and "the engineering community"? 

2. What are the strengths and weaknesses of each of the data bases, and what 
does each try to measure? 

3 . How might the data bases be used in conjunction with each other? Should 
they be integrated into one large data base? 

4. What types of issues cannot be addressed by using the currmt data bases? 

5. What sources of international data on engineers arc available, and what types 
of comparisons are feasible? 

The introductory chapter of this report summarizes the activities undertaken by the 
study committee in tiie course of answmng these questions. The Committee on Data 
Needs for Monitoring Labor-Marl^t Conditions for Engineers identified the major sources 
of information on engineers in the U.S. work force and considered the various definitions 
of "aiginecr" used witiun them. Chapter 2 briefly cites the definitions used by the Bureau 
of Labor Statistics, National Science Foundation, and the Research Council's Committee 
on the Education ard Utilization of the Engineer. Appendix A describes these data bases, 
as well as their strengths and weaknesses. Next, the committee looked to the future rather 
than to the past to articulate issues most linked to the formulation of federal policy in a 
rapidly changing environment The committee discussed various current trends tiiat have 
implications for the utilizaticxi of engineers in the next decade and identified four major 
poUcy issue areas tiiat are expected to increase in prominence: occupational mobility and 
flow dynamics, intemational flows, maintaining technical currency, and the role of 




underreprescnted groups in engineering. As shown in Chapter 3, "Data Bases and Policy 
Issues," many of the informv.tion needs of researchers and policymakers can be served by 
the current data bases on the engineering work force; however, data gaps do exist in some 
areas. Thus, in Chapter 4, the committee presents conclusions and recommendations foi 
actions that will make the data bases more valuable in their content, approach, and 
diversity. 

The Committee on Data Needs for Monitoring labor-Market Conditions for 
Engineers appreciates the special assistance that it received fh)m a number of individuals. 
Erich Bloch, director of the National Science Foundation (NSF), initiated this study as a 
result of the CEUE recommendations. Richard J. Green, assistant director of NSF's 
Directorate for Scientific, Technological, and International Affairs (STIA); Carl W. Hall, 
acting assistant director of NSF's Directorate for Engineering; and Mary F. Poats, special 
assistant in the Directorate for Engineering, contributed to the development of this project. 
Staff within STIA's Division of Science Resources Studies worked directly with staff at the 
National Research Council to structure this project: William L. Stewart, division director, 
Charles H. Dickens, head of the Surveys and Analysis Section; and Michael F. Crowley, 
director of the Scientific and Technical Personnel Characteristics Study Group (STPCSG). 
Particular appreciation is extended to Melissa J. Lane, STPCSG economist, who served as 
the NSF staff officer on this project 

At the Research Council, the study committee is grateful for the support provided by 
staff in the National Academy of Engineering (NAE)--particularly Robert M. White 
president; Alexander H. Flax, home secretary; Jesse Ausubel, director of the program 
office; and Hugh H Miller, who served as liaison between the committee and the NAE- 
and in the National Research Council's Office of Scientific and Engineering Personnel 
(OSEP). Alan Fechter, OSEP's executive director, supported the project from its 
developmental stages in 1986 and provided helpful counsel during the committee's 
intensive 6-month study of the issue, "What data needs exist for one to monitor the 
engineering labor market in a comprehensive manner during the 1990s?" Linda S. Dix, 
staff officer, organized the various committee activities, including the workshop convened 
on March 28, 1988, conferred with staff at the numerous data-collection agencies and 
professional engineering societies to ensure that descriptive information about each data 
base was correct, and had administrative responsibilities for this study. Engin I. 
Holmstrom, consultant to the study, wrote the background paper and drafte^i this report. 
Finally, Constance F. Citro, study director for the Panel on Decennial Census 
Methodology and for the Panel on NSF Scientific and Technical Personnel Data Systems in 
the Research Council's Commission on Behavioral and Social Sciences and Educadon, 
offered many insights as the project was developing. 

Much information presented in this report was gathered during the commiltee- 
sponsored workshop. The committee greatly appreciates the guidance provided during the 
small-group discussions by four researchers recognized for their particular expertise: 
Pamela Atkinson, former NAE fellow now at the University of California-Berkeley, who 
led the discussion on flow dynamics and occupational mobility; Michael G. Finn, with Oak 
Ridge Associated Universities at the time of the workshop and now director of studies and 
surveys in OSEP, whose knowledge of international flows of engineers enhancec' that 
section within the report; William K LeBold, director of engineering education research 
studies and information systems at Purdue University, whose knowledge of the importance 
of and methods for achieving technical currency in engineering contributed much to the 
discussion; and Betty M. Vetter, executive director of the Commission on Professionals in 
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Science and Technology, v/ho has a wealth of knowledge not only about women and 
minorities in enginrsiing but about many of the other topics discussed during the 
workshop. 



In addition, the committee thanks those who attended the workshop and contributed 
to its deUberations* Approximately 60 individuals represented the federal data-collc:tion 
agencies, professional engineering societies, industrial and university employers of 
engineers, and researchers interested in the engineering labor nuu-ket Specisd 
acbiowledgments are extended to those participants who followed up their attendance by 
sending the committee additional information for consideration: Pttesr Cannon, vice 
president for researeh/chief scientist at Rockwell Science Center, June S* Chewning, senior 
manpower analyst. Department of Energy's Office of Energy Research; Robert J. 
Mosborg, assistant dean/director of the Engineering Placement GMffice, University of 
Illinois, Urbana-Champaign; David R. Reyes-Guerra, executive director. Accreditation 
Board for Engineering and Technology, Inc*; and Robert IC Weatiierall, director. Office of 
Career Services and ^professicmal Advising, Massachusetts Institute of Technology, 
whose many insights were invaluable to the committee as it assembled the information 
provided in this report 

We hopt that the efforts of these individuals will clarify the issues surrounding data 
needed to understand the engineering labor market and assist you in your research on 
engineering employnient, particularly in the coming decade. 

John P.McTague 
ChaimiiUi 
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EXECUTIVE SUMMARY 



Overview 

The globalization of engine^g functions and the rapidly expanding pace of 
technological change have generated a range of policy issues of interest to ^ucators» 
industrialists, and government officials at Uie highest levels. To arrive at wise policy 
decisions, policymakers must have access to information that is timely, comprehensive, 
and accurate* 

This report summarizes the deliberations of the Office of Scientific and Engineering 
Personnel's Ccmmittee on Data Needs for Monitoring Labor-Marlcet Conditions for 
Engineers. Much of tiie information presented was discussed at a woikshop convened by 
the Committee to decide how best to make existing data bases on engineers more complete, 
accurate, and conq)atible and to help the funding agency, the National Science Foundation 
(NSF), with its dm-collection and analytic efforts in the 1990s. 

Current data bases were evaluated in terms of their responsiveness to policy 
questions raised by four major issues of increasing interest to tfie engineering community-- 
broadly defined to include engineers, their employers, and the institutions educating and 
training them: 

• Occupational mobility and flow dynamics 

• Technical currency 

• International flows of engineers 

• Role of underrepresented groups in engineering-women and members of 
some ethnic minority groups. 



Conclusions and Recommendations 

The committee reached two principal conclusions. First, current data bases are 
quite valuable in enabling one to understand engineering labor markets. Second, the value 
of existing data bases can be increased significantly for many policy purposes, without 
major change, by taking steps to improve the cross-correlation between them, to 
disseminate a larger amount of information currently unpublished but available from 
existing surveys, to add an element of specificity to chart areas of expertise, and to increase 
their longitudinal nature. 

The recommendations developed by the committee are given below. 

• Existing major data bases should be continued and enhanced in order to 

expand our knowledge of the engineering community. Data should be readily 
accessible to researchers. 
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• The value of existing data bases can be enhanced by improving their 
longitudinal nature. Major reasons for collecting and, if currently collected, 
using iC Agitudinal national data include (1) to track the retention of students, 
particularly women and minorities, in the engineering education pipeline, (2) 
to monitor occupational mobility and international flows within the 
engineering community, and (3) to facilitate more in-depth analyses of career 
patterns and the career mobility and progress of female and minority 
engineers. Specifically, the timeframe ofNSF's National Surveys of Natural 
and Social Scientists and Engineers should be expanded, and the feasibility of 
including the 1982 longitudinal postcen^al sample in the sample that will be 
drawn for the 1990s should be investigated. 

« Futhermore, in order to address thz major issues^-occupational mobility and 
flow dynamics, international flows, technical currency, and underrepresented 
groupS"the committee recommends that the National Academy of Engineering 
convene: 

(1) An annual roundtable meeting at which data collectors could exchange 
irtformation, coordinate ikfir ^orts, and review progress made in 
implementing the recommendaxions put forth in this report and 

(2) Biennial meetings of data collectors and data users-researchers, 
educators, employers, policymakers-to discuss data needs arising 
from the changing mix of policy issues. 

The committee also makes specific recommendations on the following topics, which 
I nld be among those addressed at these meetings: 

• Information on engineers generatedfrom all current data bases should reflect 
recent changes both in the nature and scope of the engineering profession and 
in the range of activities and responsibilities of individual engineers: 

( 1) Engineers who have entered supervisorylmanagerialladndnistrative 
jobs (including vice president, president, chitf executive, and 
chairman of the board), as well as those in sales and marketing, for 
example, should be counted as engineers. 

(2) Taxonomies should be expanded beyond i:he identification of 
engineers by traditional disciplines to include identification by 
engineering functions. Although surveys by NSF and others include 
questions on work activities that are helpful and shc>uld be used more 
widely, there is a need for more detailed descripiions of engineering 
job functions, possibly including detail on the technologies and/or 
tools used by engineers in their job. Research and experimentation to 
develop taxonomies more satisfactory in this respect are necessary. 

(3) Field of highest degree and occupational function taxonomies should 
be expanded to cover emerging fields and to provide meaningful 
occupational disaggregations. 
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(4 ) Taxonomies of employment settings should be expanded to include 
nontraditional employers of engineers, such as accounting firms, 
management consulting firms, hanks and investment organizations, 
and other service organizations, as well as small hminesses and 
entrep. ^neurial companies. 

(5) Efforts should be exerted to maximize the degree of comparability in 
these taxonomies to facilitate comparisons and crosswalks (see pages 
9'13h 

The overlapping information that already exists in each data base should be 
audited more fully to increase the amount of cross-correlation done; this 
would increase the value of all engineering employment data bases. 
Furthermore, the possibility of increasing the amount qf overlapping 
iftformation that is collected should be explored so as to improve (or refine) 
the degree of cress-correlation that will be possible (see pages 11-12). 

The usefidness cfall existing engineering employment data bases for 
providing information on technical updating can be increased by adding data 
elements dealing with level of technical responsibility and level of supervisory 
responsibility (seepages 11-12). 

NSF should provide periodic cross-tabulations of occupational mobility, such 
as by field of highest degree and current occupational funcUons, controlling 
for years of experience. Such irformatbn can be usea us a measure of 
adcptability, indicating the extent of movement from field of education or 
training to jctos requiring other engineering functions and competence (see 
pages 9-11). 

NSF Surveys of Natural and Social Scientists and Engineers should include 
questions dealing with both formal and informal mechanisms by which 
engineers maintain their technical currency. Proportion of time spent on 
formal and ir^ormal education and training activities shoidd also be measured 
(see pages 12-14). 

NSF should continue its current efforts to improve data bases on foreign-born 
engineers, including the possibility of a reg ular survey of immigrants that will 
produce much-needed irrfotTnation on foreign-born engineers living and 
working in the United States (seepages 14-17). 

NSF should also continue its efforts to test the feasibility of following up 
foreign nationals with new US. degrees, both at the doctoral and other 
levels, who have made firm commitments to leave the United States as H^// as 
of obtaining comparative data on engineers in other countries. Information 
should also be collected on American engineers studying, working, or visiting 
abroad. The engineering personnel patterns used by multinational 
corporations should also be examined (see pages 14-17). 

Data about minorities in engineering should be collected and reported by sex 
(see pages 17-19). 
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Data on women and minorities in engineering should be released in a timely 
manner. Such data are inperative now that there are indications of downward 
trends in the enrollment of women and minorities in engineering (see pages 



In addition, special studies responding to particular information needs of the engineering 
community are necessary: 

Special bngitudined studies investigating factors relating to Oie success or 
failure of women and minorities both in engineering education and in the 
engineering labor force should be continued (see pages 17-19). 

• A pilot study should be conducted to develop adequate measurement 
techniques for utilization, technical currency, and resilience (see pages 9-14). 

• Periodic small-scale special studies should be undertaken so as to identify 
(a) areas in which technology is changing rapidly and (b) newly emerging 
fields. Then, special studies should be coMhuted to study how engineers and 
employers are maintaining currency in those fields (see pages 12-13). 

Many of tf»se small, special studies might best be conducted by professional societies or 
educational instimtions. Resultb of such studies could be used to supplement information 
pitivxucd by tfie large data-base agencies such as die National Science Foundation and tfie 
Bureau of Labor Statistics. 
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1: INTRODUCTION 



In the early 1980s a study of engineering education and practice-conducted by the 
National Research Council's Gomnoittee on tte Education and Utilization of the En^eer 
(CEUE)-pointed out significant inadequacies in cunent data bases for constructing 
consistent portraits of the engineering community. The diverse stracture and purpose of 
the existing data bases and the resulting definitional and methodological differences make 
integration of data into a comprehensive flow nxxiel of the engineering community 
difficult CEUE recommended that the various public and private data-collection agencies 
be convened to see how bc3t to make data on the engineering community more conoplete, 
accurate, and compatible/ 

thin the federal government, the National Science Foundation (NSF) has the 
pnxnbxy responsibility of collecting, analyzing, and reporting statistical information on the 
scientific and engineering ccnnmunities and labor market Responding to the C£UE 
recommendations, NSF asked the National Academy of Engineering ^AE) to convene a 
workshop on data needs for monitoring the engineering labor force. NAE, in turn, asked 
die National Research Cou* icil*s Office of Scientific and En^neering Personnel (OSEP) to 
appoint a steering conomittee to plan the workshq) and to write a study rcport 

This study is part of an ongoing effort initiated by NSFs Division of Science 
Resources Stu'jies to evaluate and redesign its scientific and Technical Personnel Data 
System (STPDS). The effort entails a number of activities. A pa.iel of the Committee on 
National Statistics of the Research Council has been established to conduct a 
comprehensive review of the technical characteristics of the STPDS. In addition to the 
Woikshop on Engineering Data Needs for tiie 1990s, three other workshops-on the 
physical sciences, the life sciences, and the social sciences-will be held The results of 
these activities will be utilized in planning NSFs statistical efforts for the 1990s. 

i 

To evaluate the adequacy of existing data sources in responding to policy infonnation 
needs of the 1990s, the Committee on Data Needs for Monitoring Labor-Market Conditions 
for Engineers first discussed various current trends that have implications for die utilization 
of engineers in the next decade. The committee assumed that the globalization of 
economies will continue and that U.S. competitiveness will increasingly depend on the 
quality, talent, and innovativeness of its engineering woik force. The decline in the size of 
die coUege-age population will continue until the nud- 1990s. In addition, blacks and 
Hispanics, who usually do not enter engineering, will constitute a larger share of die talent 
pooL Coupled with the continuing influx of foreign nationals, the composition and the size 
of the engineering woric force will increasingly become a national policy issue. Scientific 
and technological developments will continue to change rapidly. The engineering 



^Committee on the Education tnd Utilization of the Engineer. National Research Council. Engineering 
Education and Practice in the United States: Foundations of Our Techno-Economic Future^ Washington. D.C.: 
National Academy Ptess. 1985. 
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profession will continue to adapt to rapidly changing demands by making internal 
adjustments-shifting talent from one engineering area to another and updating existing 
institutional capabilities--or by attracting personnel from other fields. However, such 
mobility can have consequences for the quality and productiveness of the engineering labor 
force. Understanding and monitoring such flows will become increasingly more important 
for making rational policy decisions in the 1990s. 

The committee then identified four major policy issue areas that are expected to be 
particularly prominent in tfiu 1990s: (1) the nature and scope of occupational mobility and 
flow dynamics in engineering; (2) maintaining technical currency; (3) international flows; 
and (4) undexrepresented groups-that is, womm and some minorities. Although 
interrelated, the committee beheves that each area deals with issues that will gain in 
significance as globalization of the engineering enterprise continues and as questions 
regarding the competitiveness of the U.S. engineering woik force, its social and 
demograpoic characteristics, talent pool, utfliiation patterns, and Mhty to respond to 
rapidly changing technology increasingly become matters of national concern. 

The committee commissioned a background paper describing major data bases on 
engineers (see Appendix A, pages 25-60). Since the focus of the workshop was 
engineering practice, rather than engineering education and training, tte paper provides 
information mosdy on national and recurrent data bases on engineers in die Wiar market. 
These include NSFs National Survey of Natural and Social Scientists and Engineers (also 
referred to as the postcensal survey, from which the "experienced san^le" is (&awn); 
Survey of Science, Social Science, and Engineering Graduates (also referred to as the 
"Slirvey of New Graduates"); Survey of Doctorate Recipients; and Survey of Earned 
Doctorates and the Bureau of Labor Statistics* (BLS) Occupational Employment Survey 
and Current Population Survey. Membership data bases maintained by various engineering 
societies, such as die National Society of Professional Engineers, as well as a few smaller 
surveys, such as the salary surveys of Battelle and the College Placement Council, were 
also included. Finally, the paper includes three major educational data sources-those of 
the Accreditation Board for Engineering and Technology (ABET), the Engineering 
Manpower Commission (EMQ, and the National Center for Education Statistics (NCES), 
each of which produces supply-related information on engineering enrollments and 
degrees. 

The workshop convened by the study committee on March 28, 1988, brought 
together individuals who educate, train, and employ engineers; researchers who use the 
engineering data bases; and data collectors. After discussing the strengths and weaknesses 
of each data base, the workshop participants formed four small discussion groups, each to 
assess the adequacy of current engineering data sources in addressing a particular policy 
issue area. Each group was also charged with the task of discussing and deciding methods 
of achieving some consistency in the definitions, methodology, and results of major 
engineering data bases and the possibility of integrating them. Based on the proceedings of 
the workshop (see Appendix D, pages 67-77), the committee identified areas in which 
cuirent data-collection efforts can be improved to meet engineering labor-market 
information needs of the 1990s. This report summarizes the results of the workshop and 
presents the recommendations of die study committee. 
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2: WHO IS AN ENGINEER? 



It has often been noted that different data bases give quite different counts of the 
number of engineers in the United States. A major reason is that they use different ways of 
dc€ning "engineer," depending on the purpose for which they arc created, and different 
n^ods of determining who Wongs in that category. Fdr instance, the National Science 
Foundation's (NSF) complex screening process defines and identifies engineers based on 
fdxicatiAnftl credentials (at least 2 yean of college), self-rqxnted occupation (has been 
enq)loyed in an engineering occupation as defined by NSF; this excludes con^uter 
specialists), and/or professional identification as an engineer on the basis of total education 
and work e3q>crience. Missing are data on technologists, technicians, and others who may 
be easployed in engineering positions without the educatimal credentials as prescribed by 
NSF. On the other hand, tiie Occupational Employnaent Survey conducted by the Bureau 
of Labor Statistics ^LS) requests all U.S. industries to provide data on tiie number of 
persons woiking as engineers, based on tiie definition for each occupation provided by 
BLS (this excludes s^s engineers, engineering teachers, and individuals trained or 
educated in engineering but woildng in otiier fields, including management). The montiily 
Current Populatiai Survey conducted by BLS is also occupation-specific; tiie surveys sent 
to households ask respondents to indicate tiie fields in which individuals are woiking ratiier 
than those for which tiiey may have been educated or trained. 

Botii NSF and BLS secure useful information, but neitiier secures all tiiat is needed 
when the primary focus is on the structure and dynamics of a professional fiel a— rather than 
on its size~or on tiie flow of persons into, within, and out of that profession, or on 
estimating the potential or future supply. Thus, a more flexible and inclusive definition is 
needed to assure information on in(fividuals who may at various times be part of the 
engineering labor force, tiiough not necessarily at tfie time of a specific survey. In this 
tm^ad sense, the engineering community includes not only practicing engineers but also 
retired ones; engineers who are applying tiieir knowledge to sales, management, or related 
activities; individuals who are trained or educated in other fields but who are doing or are 
qualified to do engineering woric; and other potential members of the engineering v. nrk 
force. 

The definitions used arc most worthwhile to achieve one objective-namely, to 
determine the size of the engineering poputotion. However, for tiie purposes of this report, 
and generally in studying the dynamics of the engineering professiai, a broad and inclusive 
definition is desirable. The definition of "engineer" used by tiie study committee is as 
follows: 

A person having at least one of tfie following qualifi^tions: 

• college/university B.S. or advanced degree in an engineering program; 

• membership in a recognized engineering society at a professional level; 

• registered or licensed as an engineer by a governmental agency; 
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cunent or recent employment in a job classification requiring engineering 
work at a professional leveL^ 



^ommiltec on the Education and Utilization of the Engineer. National Research Council, Engineering 
Infrastructure Diagramming and Modeling. Washington, D.C.: National Academy Press. 1986. page 11. 
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3: DATA BASES AND POLICY ISSUES 



Current engineering employment data bases provide answers to many policy 
questions. However, data gaps do exist in some areas of interest to the engineering 
cooununity (see Appendix A, pages 25-60). The committee ulentified four major issues on 
which more data should be nuule available: occupational mobility and flow dynamics, 
maintaining technical currency, international flows, and undencpiesmted groups (women 
and some ethnic minorities). TUs chapter is structured around the committee's 
deliberations and discussion at the conmuttee-sponsored workshop about those four issues. 



Occupational Mobility and Flow Dynamics 

Engineering is a dynamic profession, constandy changing and adapting to new 
conditions and demands. It is also an extrraiely diverse profession, involving a wide range 
of skills, conq)etencies, and work settings. Engineers are now found in a variety of 
settings, ranging from factories, construction sites, and laboratories to the chief executive 
officesiof multinational conglomerates. 

The rate c{ technological change has intensified As a consequence, emerging fields 
are rapidly altering the nature and practice of engineering, and the relationship between 
engineer and their support systems is constandy changing. While the number of 
engineering specialties and subspecialties is growing, tihere is, at the same time, greater 
pressure for interdisciplinary activity. 

The educational system seeks to keep ahead of the rapidly changing nature of 
engineering work, but it is difiGcult to anticipate needs in fields where technology will 
change, or even to respond in time to those that are in early stages of development Thus, 
there is a time lag between emopng fields and formalization of educational programs. 
Thus, adjustments to new needs are normally first made by nmving existing personr. ^1 
among engineering fields and between engineering and other fields, by increasingly relying 
on foreign engineers, and by providing inservice education or training to current 
employees. 

The fungibility and resiliency of the engineering worK force are also evident in its 
ability to respond to significant fluctuations in funding. For instance, it has been shown 
that large increases or decreases in defense spending did not result in the predicted 
consequences of sectoral distortion.^ The only exception seems to be in the t^rly 1970s, 
when defense cutbacks coincided with an economic recession and a decrease in college 



'^Panel on Engineering Labor Markets, OfHce of ScientiHc ind Engineering Personnel, National Research 
Council, The Impact of Defense Spending on Nondefense Engineering Labor Markets, Washington, D.C.: 
National Academy Press, 1986. 
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enrollments, resulting in highly publicized hardships among doctoral graduates who had 
prepared for an academic career and for engineers employed in the aerospace industry. 

The National Research Council's Panel on Engineering Labor Maikets cited, as 
exan^les of the remarkable adjustment potential of the engine^g labor market, (1) the 
willingness of e3q)ericnced engineers, as well as of those in the engineering education 
pipeline, to follow the signals of the market, (2) the availability of persons trained in related 
areas, and (3) the willingness of employers to modify their hiring criteria (e.g., regarxUng 
prior experience) and to lay out new capital investments to increase productivity.^ 
Occtq)ational mobility, resiliency, and fimgihility are matters of concern not only to the 
individual engineer, but also to educators, employers, and natimal policymakers. 
Information i^ut these matters also gives the profession a picture of itself. 

In determining major policy issues in the next decade, one must recognize that the rate 
of technological development will probably continue to accelerate. The engineering labor 
market will probably continue to respond to technological changes making internal 
adjuL!ments and by importing talent from other fields or sources. However, questions 
about the quality of the work f^ce and nx>bility are closely related It is important to know 
how much and what kinds of mobility exist in the engineering work force. Answers to the 
following questions will be essential in assessing the technological strengtii and 
competitiveness of the U.S. engineering work force mi will a vital part of the 
knowledge base required for sound policy formulation in the 1990s: 

K What are the numbers and characteristics of the engineering woric fore? and its 
various conq)onents? 

2. What are the typical career patterns ofengineers in different fields? with 
different engineering degree levels? without engineering degrees? 

3 . How does the engineering inrofession respond to changing demand? Is the 
response the same in all engineering areas? What is the cost-effectiveness of 
education, training, and retraining? 

In addition to the more traditional engineering functions, engineers often serve as salesmen, 
planners, and managers. 

4. How skillful are the mgineers in these different roles? What is the migration 
among roles? What are tiie salary differences? Hbw many have management 
degrees, and does possession of those degrees make a difference? Whom do 
tfie managers manage? What are tiie rates of upward moWlity in engineering? 

5 . How many annually leave engineering jobs to enter the "technical reserve 
pool"?^ How many engineers return to engineering jobs from the "technical 
reserve pool"? 



^Panel on Engineering Ltbor Markets, op, ciL 

^Tht technical reserve pool is comprised of individuals who are qualified to function as engineering faculty, 
en^^ineers, engineering technologists, engineering technicians, or engineering support staff but who are 
cun'sntly ouuide the engineering community; it includes retirees and other unemployed individuals, people 
working in other fields, and those in the military. For further infomution, see Committee on the Education 
and Utilization of the Engineer, National Research Council, Engineering Ir^rastructure Diagramming and 
Modeling, Washington, D.C.: National Academy Press, 1986. 
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6. How many engineering technologists and xchnicians are there? What are 
±fAr donographic and employment characteristics? What proportion of the 
engineering labor maifcet do they represent? What are the rates of upward 
mobility among engineering technologists and technicians? 

Presendy existing major data sources in engineering are valuable in their content, 
approach, and dversity, as far as they go. They presumably serve the information needs 
and mflty^fltft of their dam-^Uecting agencies and provide valuable information on the 
numbers and characteristics of engineers in the labor fon;e. In particular, surveys 
following up tiie same cohort of engineers over a period of time (i^e., longitudinal surveys, 
such as tiie NSFs National Survey of Natural and Social Scientists and Engineers) are 
extremely valuable in tracing career patterns and mobility of engineers. The concerns 
regardme different estimates of the current engineering population can be partially alleviated 
by explaining clearly the definitional and metho(k)logical differraces of the various data 
somces* There are, however, possible changes that would increase the value of current 
data hz ^es by making them more comprehensive and compatible. 

Existing data bases contain many of the necessary data elements diat can be used as 
conelates or indicators of occupational motility to answer most of the questions cited 
above. Botii BLS and NSF data bases can be manipulated to provide estimates of the size 
of tile technical reserve pool, rates of mobility, and so forth. However, most data- 
collection metiiods n^d to be expanded in order to be inore responsive to recmt and 
developing changes in the nature and scope of engineering education and practice. 

First, in order to understand the dynamics of the engineering work force, we need to 
develop additional appropriate ways of looking at and describin| engineers, including both 
ictentification by field of degree and identification by work function. Identification by 
function is particularly important for experienced engineers whose daily activities may no 
longer be closely related to their degree fields. Appropriate functional identification will 
increase our understaiKling of the ^ects of engineering education as well as of career 
flexibility, maliency, and mobility of engineers. Moreover, such information is vital to our 
luiderstanding of the supply-demuid relationship in engineering. Usually, the demand for 
technical people, especially in the case of experienced persons and those with advanced 
degrees, is not simply for electrical engineers as such but for specialists in digital circuit 
design, semiconductor devices, optical communications, or some other specialty. This is 
tiie level at which shortages and surpluses become ^parent It is also the level at which 
much of the perceived migration between fields occurs. 

Second, the detail level of functions or specialty lists will have to be increased to 
match the increasingly evolving, diverse, and, at the same time, interdisciplinary skills and 
activities of engineers. Engineers are utilized at different responsibility levels and play 
many efferent roles, ranging from design and production functions to sales and 
management, and should be identified and counted. Engineers are also employed in many 
diverse settings. Increasingly, small companies are generating much of the new technology 
in this country and the engineer/businessmen clearly are a vital part of this country's 
engineering work force. Their role should not be discounted just because their jobs entail 
more than engineering. 

Althoudi dealing with the increasingly large array of specialties witiiin major 
engineering mnctions may present problems to NSF and BLS, witnout such detail, our 
understan(ting of the engineering work force will remain inadequate, will perpetuate the 
traditional view, and will fail to accurately reflect its dynamic nature. Therefore, if we are 
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to establish data bases that will be suitable for the next decade or so, the cuntnt surveys 
must be expanded beyoid the identification of traditional disciplines so that they include 
such engineering functions and interdisciplinary activity as systems engineering, 
application!s/field service, consulting engineering, quality control, manufacturing/ 
production engineering, plant engineering, and process engineering, as well as technical 
marketing and sales engineering. Such information could be used as a measure of 
adaptabihty , indicating the extent of movement fix)m field of education or training to jobs 
requiring new engineering functions and conq)etencc. 

BLS surveys would benefit fiom inclusion of questions on education, such as degree 
fields and levels, while the NSF surveys would benefit fixwn inclusion of more in-depth 
questions on frtaction, such as technical and supervisory responsiWlity- However, in order 
to maintain the time-series value of BLS and NSF surveys, the recommended additions to 
aheady existing taxonomies should supplement rather than replace previously used 
categories. The inclusion of these expanded taxonomies in NSF and BLS surveys would 
increase the usefulness of each data base and allow researchers to develop crosswalks 
between the tv/o data bases in order to obtain a more comprehensive picttire of the 
engineering work force. 

Finally, an important component of the engineering woric force is comprised of those 
who obtained their competence by paths other than formal education in engineering. NSF 
data bases already collect much information on all practicing engineers, but there has been 
little use of this resource to enumerate and describe the characteristics of engineers without 
formal science or engineering education. Data from both NSF and BLS data bases should 
be utilized more extensively to determine the number, characteristics, and career patterns of 
engineers witiiout engineering or science backgrounds. 

Some professional societies include more detailed utilization questions in their 
surveys of membership than do BLS or NSF in their nationwide surveys of engineers and 
scientists. For instance, in the National Engineering Utilization Survey, the Engineering 
Manpower Conmiission (EMC) asted questi<»is dealing with "present supervisory 
responsibility," including supervision of nontechnical personnel, nonprofessional technical 
personnel, professional engineering personnel, and different management levels. TTie 
question regarding "the level of technical responsibility of present job" included items 
ranging fi-om "prescribed procedures requiring no previous Imowledge" to "pioneering 
work-international authority." Occupational taxonomies used in such surveys also tend to 
be more detailed and current than those used by national data collectors. A closer 
cooperation between governmental data-collection agencies and professional societies might 
result in collection of information that is more useful and has greater value. 



Maintaining Technical Currency 

Engineering plays a crucial role in maintaining the nati(xi*s defense capability, 
contributes to its economic competitiveness in world markets, enhances its quality of life, 
and provides the technical means by which its national resources are protected. Any 
decrease in the technical currency of the U.S. engineering work force would have direct 
negative consequences on the nation's economic and social health. 

In the rapidly changing world of engineering, a major concern to employers is 
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maintaining the technical competence of their employees. Professional societies provide 
educational prcgrams to keep the engineering precession healtfiy and up-to-date* 
Educational instituticms, bodi not-for-profit mi for-profit, are also interested in the needs 
for technical updating in different engineering fields* First* they are one of the major 
providers of such education programs* Second, information about technical needs is 
crucial for maintaining the currency of educational curricula and programs and for attracting 
students as well aS for achieving the cracial balance between the core engineering 
curriculum and other courses that facilitate the adaptability and resiliency of the engineering 
work force* 

There is limited but consistent evidence that "misutilization" of engineers is a major 
contributing factor to their obsolescence*^ Work assignments that do not challenge 
engineers to acquire knowledge of the latest developments result in quicker obsolescence* 
Sometimes introduction of new technology produces almost instant obsolescence: for 
example, computers are rapidly displacing drafdng technologists and technicians* 

Because of rapidly changing technology, there is growing emphasis on career-long 
education and professional devdopment in every Held of engineering* It is essential to 
know how different engineers at different levels wiUi different functions are keeping 
themselves current Specifically, 

1 * What are the utilization patterns of engineers in different fields? How are they 

affected by new technologies, such as computer-aided design? 

2 * What is the extent of systematic updating throughout the engineering 

profession? How well do engineers maintain their technical currency? 

3 * What are the most effective ways to improve resilience in the engineering 

work force? 

4* What is the scope, nature, and effectiveness of available educational programs 
in engineering? 

Current data bases collect little information on technical updating* The committee believes 
that several actbns designed to find ways of securing such information and to improve the 
usefulness of some existing data bases should be pursued. 

Interactions with colleagues, reading periodicals, and other informal means are as 
crucial in maintaining technical currency as is participating in formal education programs* 
Yet information is more readily available on formal than on informal education programs* 
For instance, questions on career-long education in NSFs National Surveys of Natural and 
Social Scientists and Engineers include courses given at the en[q)loyer's training facility, at 
continuing education centers, in professional meetings, or by professional societies and the 
armed forces* However, the usefulness of this longitudinal survey could be increased by 
the addition of questions concerning additions! informal means of maintaining one's 



^American Associttion of Engineering Societies, Toward the More Effective Utilization of American 
Engineers: The National Engineering Utilization Survey, New York: Engineering Manpower Commission, 
1986* 
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technical currency^ Qcarly, measurement problems will need to be resolved before 
effectiveness of such education programs can be assessed Professional societies are 
encouraged to include in their surveys detailed questions dealing with technical currency 
and various measures of effectiveness of several education programs in order to 
supplement the information collected from the ongoing and cumulative surveys of NSF. 



International Flows 

Based on estimates provided by a recent study by the National Research Council, 
nearly 2 in 10 engineers in the United States in 1982 were forcign-bom. The same year, 
forcign-boam engineers accounted for 36 percent of the new PhDs entering the American 
engineering labor force. The dependence on foreign-bcmi engineers appears to be greatest 
in academic institutions. In 1982, foreign-bom engineers constituted nearly 3 in 10 of all 
engineers enq)loycd in American universities- Toward the mid-1980s, over one-half of 
engineering assistant professors under the age of 35 were noncitizcns. Noncitizens 
represented over 60 percent of engineering postdoctorates in 1985, and over 40 percent of 
all ftiU-time graduate enrollments in engineering,^ The preponderance of foreign-bom 
engineering faculty and students has led to problems in communication and to concerns 
regarding die changing culture of engineering departments.^ Some institutions have now 
imposed admission ceilings for foreign students. Some arc concemed that if foreign-bom 
engineers continue to receive larger shares of advanced engineering degrees, tho United 
States will find an inadisquatc supply of U.S. citizens for its national security missions. 

During the next decade it will become increasingly more inqxntant to monitor and 
study the effects of the influx of foreign nationals into tfie U.S. engineering community and 
th e outfl ow of those who are U.S.-educated. As the globalization of the aigineering 
enterprise continues, ties to engineering in foreign countries will become more important to 
the health of U.S. engineering as well as to ±t general health of the U.S. economy. The 
flow of engineering jobs and responsibilities across international borders has far-reaching 
consequences that are only partially understood. As the dependency of the United States 
on foreign engineering talent continues to grow, better information will be needed to make 
policy decisions regarding the import and export of engineering services. 



^Scc, for insuncc, Robert C. Dauffenbach and Michael G. Finn, Employer Provided Training and the Issue cf 
Quality in the Engineering Work Force, paper prepared for the Joint National Meetings of the Operations 
Research Society and the Institute of Management Science. November 1985. Dauffenbach and Finn examined 
the participation patterns of engineers in career-long education programs, utilizing data from the 1982 Survey 
of Natural and Social Scientists and Engineers, and found that training not provided by employers had no 
apparoit effect on salaries. This study, however, did not evaluate the effects of informal mechanisms of 
education because of the lack of dau. See also American Association of Engineering Societies, Toward the 
More Effective Utilization (^American Engineers: The National Engineering Utilization Survey, New York: 
Engineering Manpower Commission, 1986, for anothtT discussion of the effects of continuing education on 
salaries. 

o 

Committee on the international Exchange and Movement of Engineers, National Research Council, Foreign 
and Foreign-Born Engineer, in the United States' infusing Talent, Raising Issues. Washington, D.C: National 
Academy Press, 1988. 

^Elinor 0. Barber and Robert P. Morgan, *The impact of foreign students in engineering education in the 
United States,** Science 236 (April 3), pp. 33-37. 

^^Olenn W. Kuswa, "Effecu of foreign nationals on federally supported laboratories," in Committee on the 
International Exchange and Movement of Engineers, Foreign and Foreign-Born Engineers in the United 
States: Irrfusing Talent, Raising Issues. Washington, D.C.: National Academy Press, 1988, pp. 147-162. 
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Although the number of foreign-bom engineering students and professionals can be 
estimated fix>m various sources, there are major data gaps in coverage and in the level of 
detail essential for some decisions. Questions of particular concern include: 

1 . How many and what types of foreign engineers enter, leave, or stay in the 
engineering work force of the United States? 

2 . From which countries do foreign engineers come? What factors promote tnc 
flow of foreign engineers to the United States? 

3. How many Anierican engineers actuaUy enu grate to foreign countries? How 
many make professionally related short-tern or long-term visits abroad? In 
which disciplines? For how long? To which countries do American 
engineers go? What factors prcxnote the flow of American engineers to 
foreign countries? 

4. What is the nature of technical ftows within multinational corporations? 

In general, diere is fair to good information about engineers who get degrees in the United 
States and then stay here, but much less is known eitiber about those who get degrees and 
leave the United States or about those migrating to the United States with engineering 
degrees earned in other countries. There is also very litde information about American 
engineers who study or work abroad. 

Regarding the first set of questions, the existing data bases provide more information 
on the number of foreign recipients of U.S. degrees than on those already in the U.S. labor 
ooaiket and more regarding Ph.D. recipients than master's or bachelor's degree holders. 
There are good estimates of foreign Ph.D. engineers with new U.S. degrees. The Sui /ey 
of Earned Doctorates provides statistics on the erq)loyment plans of new doctorate 
recipients each year. For instance, results of the most recent Survey indicate that S8.1 
percent of the foreign-bom engineers receiving U.S. doctorates planned to stay in the 
United States in 1986 (this includes 82.1 percent, or 151, of the 184 holding ^^ermanent 
visas and S3.1, or 4SS, of the 878 holding temporary visas).^^ Among other data sources 
on engineering doctorates, Michael Finn, for example, used Social Security tax information 
to produce independent estimates of stay rates of foreign Ph.D.s and concluded that over 
60 percent of recipients of U.S. engineering doctorates in 1980 and 1981 were working in 
the United States in 1982 ^2 

Detailed information on foreign-bom engineers with bachelor's or master's degrees is 
more difficult to find. Several organizations-such as the National Science Foundation, 
National Center for Education Statistics, and Engineering Manpower Conmiission-provide 
data on the number of new graduates who are foreign nationals on temporary visas; 
however, there are no adequate recurrent data on the stay rate of such graduates. 
Postcensal surveys can be used to estimate stay rates; but because of the relatively small 
numbers involved, results tend to be of questionable reliability. Currently, there appears to 
be no easy method to get better data on die stay rate of foreign engineers with master's 
degrees or baccalaureates. 



^^See, for example, Suian L. Coyle. Swnnuiry Report 1986: Doctorate Recipients from United States 
Universities, Wuhingtoiu D.C.: National Academy Press. 1987. 

l^Michael O. Finn, Foreign National Scientists and "engineers in the US, Labor Force, 1972-1982, Oak 
Ridge, TN: Oak Ridge Associated Universities, June 1985. 
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Infonnation is also needed on foreign engineers working in the United States without 
a U.S. degree. Using the postcensal survey of 1982, Finn estimated that foreign nationals 
with non-U. S. deptes c(mstituted about one-fifth of all immigrant engineers in 1981.^3 
However, this estimate cannot be updated until the 1992-93 postcensal survey. 

Although existing data sources provide good information on the numbers of new 
foreign engineering graduates, there is very litde information cm their stay rates and career 
patterns. To improve the estimates of foreign inflows into the U.S. en /ineering labor 
force, NSF is currentiy taking steps to explore the cost and effectiveness of a survey of 
immigrants, to be conducted on a regular basis. That survey would be desirable. Another 
possibility Is a survey of employers to detennine the characteristics and contributiOTS of 
foreign engineers en^loyed in American industry. 

Alnoost no quantitative infcnmation on the career patterns of U.S.-trained foreign 
nationals who retum to tiieir home countries exists. Many believe tiiat U.S.-trained foreign 
engineers are inqxirtant contacts, providing techno-economiad links between the United 
States and multinational engineering companies while also promoting and contributing to 
technology transfer. At present, no data bases can be used to test such cmtentions. 
Qeaily, a survey of U.S.-trained foreign engineers no longer living in the United States 
would be costiy. However, since NSF surveys of recent graduates, beginning in 1986, 
asked respondents to provide their uon-U.S. addiesses, the conduct of follow-up surveys 
of foreign graduates who return to their home countries should be possible. Response 
rates of foreign engines who have returned home will probrbly be lower than average; 
nevertheless, the feasibility of acquiring data in tius manner should be investigated. 

Finally, rhe engineering community would baiefit finom more and better data on 
engineers in other countries. NSF has ongoing efforts in this area: for example, it has a 
contract with die U.S. Bureau of die Census to obtain census tapes fit)m a number of 
foreign countries and to tabulate data that are as close as possible in definition to U.S. data 
on engineers and scientists. The committee endorses such efforts. 

Regarding the second set of questions, there is no regularly published infonnation on 
tiie country-of-origin of engineers in the United States, although the U.S. Immigration and 
Naturalbtttion Service collects such information on immigrant engineers and the Institute of 
International Education does the same for foreign engineering smdents in the United States. 
Country-ctf-origin data can be obtained from the Survey of Doctorate Recipients and fiom 
die postcensal sur/eys. The latter, however, requires special tabulations ftom die Bureau 
of die Census, as country-of-origin information is suppressed on die public user tapes. 
Moreover, diese data sources provide enumerative and descriptive information only and do 
not permit identification of factors diat promote die flow of scientists and engmeers to die 
United States. A few special studies have been conducted to determine reasons for staying 
in die United States: findings suggest diat inconae differentials, professional oppormnities, 
and work conditions are important determinants of immigration of professionals to die 
United States, along widi a number of political and social considerations. Further, U.S. 
immigration policy ana its subsequent changes also exert significant influence on 
immigration patterns of foreign professionals to the United S^ates.'^ 



op. cit. 

*^See, for eximple, Wei-Chiao Huang, "A pooled cross-section and time-series study of professional indirect 
unmigration to the United States," Southern Economic Journ'-l (July 1987), pp. 95-109. 
"Vinod Agarwal and Donald Winlcler, "Migration of professional manpower to the United States," Southern 
Economic Journal (January 1984), pp. 814-830. 
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Regarding the third set of questions, most of what we know about the flow of U.S. 
engineers to foidgn countries currently comes from veiy limited and inadec|uate data or 
from anecdotal sources. The Survey of Earned Doctorates cmtain^ a question on intention 
to study abroad after graduatim. Statistics show that each year fewer than 1 percent of 
new engineering doctorates elect to study abroad. A special foUow-i^ survey of this 
small group of engineering doctorates might shed much-needed information on the reasons 
and actual benefits of posdoctoral study in foreign countries. 

Cuncnt data sources provide ahnost no information on American engineers woridng 
abroad NSF experimented with a rjew set of questions for the 1987 Survey of Doctcoxd 
Scientists and Engineers, dealing with trips abroad for three or more mmths. If these 
questions prove to be useful, simUar questicms should be included in the Survey of Recent 
Graduates and in die next generation of postcensal surveys. 

Other potential data sources remain largely untapiN^ For instance, national 
laboratories and firms funded by the Department of Defense and d^ Department of Energy 
with national security work keep track of travel abroad. Infonnatim on U.S. citizens 
traveling to countries that require a visa can be obtained from foreign consulates, although 
work requiring short stays may be accomplished on a travel, rather than a work, visa. 
U.S. con^>anies may also k(«p track of their employees' activities abroad Information on 
U.S. engineers working abroad is but one useful and essential coiiq)onent of a data system 
on international flows tiiat should be developed and collected on a regular basis. 

The intern ional movement of engineers contributes to the exchange of information 
and has importaiu consequences for technical development in the United States and for 
global conqpetitiveness. International technology transfers in such fields as magnetic fusion 
and hi^-energy physics research are oftoi cited as xnodth for mutual benefit among 
nations. The increasing globalization of the oigineering enterprise dictates that in the 
1990s national engineering data sources have the capability to track international inflows 
and outflows of the engineering community effectively and precisely. 



Underrepresented Groups: 
Women and Some Ethnic Minorities 

From the nud- 1970s to the early 1980s, the number of women and minorities in 
engineering grew. Their increased pmicipaticxi, coupled with dramatic increases in the 
number of foreign students, masked the continuing decline in the proportion of traditional 
engineering studoits-that is, v^te males. 

Today, however, women and ethnic minorities, with the exception of Asian Americans, 
continue to be underrepresented in oigineering. Moreover, there are signs tfiat their 
enroUments have ah:eady peaked and are beginning to decline, raising serious questions 
about the shrinking talent pool engineers. It is estimated that between 1970 and 1983, 
the number of women engineers tripled Despite these increases, NSF reports that in 
1986, women comprised only about 4 percent of the total engineering work force of over 



^^Committee on the Intenutiontl Exchange and Movement of Engineers, op. cit. 

^^Conunittee on the Education and Utilization of the Engineer, National Research Council, Engineering 
Employment Characteristics. Washington, D.C: National Academy Press, 1985. 
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2.4 miUioiL^' Blacks, Hispanics, and American Indians continue to be undentpresented 
in the engineering woric f(^* Estimates of the number of blacks, for instance, range from 
2 to 3 percent of the total engineering work force, while chey represent nearly 12 percent of 
the general population* 

The committee discussed various studies dealing with women and minorities in 
engineering and the adequacy of available data sources in responding to the following 
questions: 

1 . What are the numbers and characteristics of wcxnen and minorities who enter 
engineering education and practice? What are the numbers and characteristics 
of technically qualified women and minorities who select nontechnical 
curricula? What are the numbers, charactcriducs, and attitudes of women and 
minorities who drop out of engineering-cither before or afier achieving an 
engineering degree? 

2 . What percentage of women and minorities holding engineering bachelor's 
degrees pursue graduate education in engineering? What factors influence 
their decisions? What are the stmctural bnrriers to their pursuit of graduate 
education in cn^eering? 

3 . What are the utilization patterns of women and minority engineers, including 
reentry women and minorities, as compared to white rjales by field, industry, 
and type of activity? What are their career patterns? What factors detcraiine 
their career patterns? ¥k>v/ do these factors differ from those influencing the 
career patterns of white nudes? 

Some of the data needed to answer these questicMis abtady exist Enumerative data 
on female and minority engineers are usually considered to be good but not mutually 
exclusive. Demographic data on scientists and engineers are routinely reported: for 
example. Women and Minorities is published annually by NSF and Science Indicators 
(recently retitled, Science and Engineering Indicators) is published biennially by the 
National Science Board. Enrollment and degree information is also routinely reported by 
the National Center for Education Statistics and the Engineering Manpower Commission. 
However, most of the enumerative information on women and minorities is reported 
separately; thus, there is not a separate analysis of minority women. Similarly, institutional 
data bases do not usually report minority data by sex. Cross-tabulations by sex and by race 
can be obtained from individual data bases but usually are not presented as such because of 
small cell sizes. 

In general, studies providing descriptive and analytic information on the participation 
of women and minorities are more readily available for the education tfian for Uie labor 
market domain, more for women than for minorities, and more for doctorate recipients than 
for holders of other degrees. 

NSFs data collection is most appropriate for monitoring progress in the participation 
of wome- and mincaities in engineering and in deepening our understanding of their 
exp«ience and treatment once they enter the engineering work force. For instance, the 



^^Nttiontl Science Foundation, US. Scientists and Engineers: 1986 (NSF 87-322X Washington. D.C.: U.S. 
Government Printing Office* 1987. 
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National Research Council's Qxnmittee on the Education and Enq;)loyment of Women hi 
Science and Engineering examined extensively the Surveys of Earned Doctorates and of 
Doctorate Recipients in order to document career patterns of female doctorates in academe* 
industiy, and government^ Using NSFs 1972 and 1978 Surveys of Natural and Social 
Scientists and Engpuieers, Michael Fmn examined the differential effects of experience, 
training, and education on salaries of male and female scientists.^^ To understand their 
participation in science and engineering, NSF oversampled both women and minorities in 
Its drawing of the 1982 postcensal survey population. However, given the small number 
of female scientists and engineers in these san:q>les, it has been difficult to analyze 
utiUzation patterns in detail-for example, in different subspecialty areas or by different 
occupati(mal functions. The even snudler numbers of minorities preclude any but the most 
general level of analysis. In many occupations tiie sample can not be expanded to include 
more women or undenepresented minorities because questicmnaires have already been sent 
to all who completed tiie 1980 Census of Population survey forms. 

These concerns indicate tiie limitations of the national data bases and suggest the need 
for supplementary approaches such as smaller "case study" projects that focus directiy on 
issues pertaining to tiie participation and utilization of ^omen and minorities in 
engineering. 



^^Committee on the Education and Employment of Women in Science and Engineering, National Research 
Council, Climbing the Academic Ladder: Doctoral Women Scientists in Academe, Washington, D.C.: National 
Academy of Scumces, 1979; Career Oiacomes in a Matched Sample of Men and Women PhJ)j: An Analytic 
Report, Washington, D.C.: National Academy Press, 1981; Climbing the Ladder: An Update on the Status of 
Doctoral Wnmen Scientists and Engineers, Washington, D.C.: National Academy Press, 1983. 
^^Michael O. Finn, Training, Work Experience, and the Earnings cf Men am! Women Scientists, Oak Ridge, 
TN: Oak Ridge Associated Universities, 1981. See also Aline Quester, Men ani Women in Science and 
Engineering Occupations, Alexandria, VA: Center for Naval Analysis, 1984. 
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4: CONCLUSIONS AND RECOMMENDATIONS 



Current data bases in engineeiing are valuable in their content, approach, and 
diversity, as far as they go. Concerns regarding the diveigence in results produced by 
different data bases, such as the labor-market estimates of the National Science Foundation 
and tih^ Bureau of Labor Statistics, could be partially alleviated by clear explaimtions of 
differences in definitions and niethodologies that lead to such differences. However, these 
differences may make difficult, if not impossible, the comingling of data from the various 
data bases to achieve broader goals and deeper understandings of the engineering 
community and its workings. 

Engineering data basesserve a wide variety of purposes. Since each different data 
base seems to serve effectively the purposes and information needs for which it was 
designed, integration of all current engineering data bases into one major data source on 
engineering does not appear to be either desiraJ)le or feasible. It should be noted that tiie 
usefulness of the BLS and NSF data bases in en^eering comes from their estimates of the 
number of engineers as well as from the descriptive and analytic information that tfiey 
produce about the '^gincering labor force. In particular, NSFs data system is very 
valuable in providing desalptive information about the characteristics of the engineering 
work force. Aldiou^ it is important for ^nipply and demand projections to have accurate 
information about die size of die engineering work force, die committee recognizes that 
definitional and labeling differences will result in different counts. Neither the single count 
used by BLS nor the algorithms ut cd by NSF will do justice to the complex and dynamic 
reality of the engineering comnmnity. 

Thus, die committee urges that immediate steps be taken to implemmt three of its 
recommendations: 

1 . Existing major data bases should be continued and enhanced in order to 
expand our knowledge of die engineering community. Data should be readily 
accessible to research^. 

2. The value of all existing data bases can be enhanced by improving their 
longitudinal nature. M^or reasons for collecting and, if cunentiy collected, 
using longitudinal national data include (1) to track the retention of students, 
(2) to monitor occupational mobility and international fiows within die 
engineering community, and (3) to facilitate more in-depth analyses of career 
patterns and the career mobility and progress of female and minority 
engineers. Specifically, die time frame of NSF*s National Surveys of Natural 
and Social Scientists and Engineers should be expanded, and the feasibility of 
including at least some of the 1982 longitudinal postcensal sample in die 
sample diat will be drawn for die 1990s should be investigated. 
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3 . The National Academy of Engineering should cx)nvene regular meetings at 
which engineering data bases will be addressed: 

• An annual roundtable meeting at which data collectors could exchange 
informationt coordinate their efiforts, and review progress made in 
implcurating the recommendations put forth in this report and 

• Biennial meetings of data collectors and data users -researchers, 
educators, employers, policy makers **to discuss data needs arising 
from the changing mix of policy issues. 

The committee recognizes that its recommendations involve a range of costs as well 
as of difficulty. Nonetheless, because of the importance to the engineering community of 
the data collected and the resulting analyses by Uie various organizations and agencies cited 
in this report, the committee urges that steps be taken to implement the recommendations in 
the following order 



Most Important 

4. Infoi^tion on engineers generated from all current data bases should reflect 
recent changes botfi in the nanire and scope of the engineering profession and 
in the range of activities and responsibilitcs of individual engineers: 

• Engineers who have entered supervisory/managerial/administrative jobs 
(including vice president, president, chief executive, and chairman of 
the board), as well as those in sales and marketing, for example, should 
be counted as engineers. 

• Taxonomies should be expanded beyond the identification of engineers 
by traditional disciplines to include identification by engineering 
functions. Although surveys by NSF aund others include questions on 
work activities that are helpful and should be used more widely, there is 
a need for nx>re detailed description of engineering job functions, 
possibly including detail on the technologies and/or tools used by 
engineers in their jobs. Research and experimentation to develop 
taxonomies more satisfactory in this respect are necessary. 

• FieM of highest degree and occupational function taxonomies shouki 
also be expanded to cover emer;^g fields and to providb meaningful 
occupational disaggregations. 

• Taxonomies of employment settings shouki be expanded to include 
nontraditional employers of engineers, such as accounting firnis, 
management consulting Hrms, banks and investment organizations, and 
other sendee organizations, as well as small businesses and 
entrepreneurial companies. 

^ Efforts should be exerted to maximize the degree of comparability in 
these taxonomies to facilitate comparisons and crosswalks (see pages 
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S • The overliqpping information that already exists in each data base should be 
exploited more fully to increase the anx)unt of cross*correlation done; this 
would increase the value (k all engineering employment data bases. 
Furthermore, the possibility of increasing the amount of overlapping 
information that is collected should be explored so as to improve (or refine) 
the degree of crossHxnrelation that will be possible (see pages 1 1-12). 

6- NSF should continue its efforts to test the feasibility of folbwing up foreign 
nationals widi new U.S. degrees, both at the doctoral and other levels, who 
have made firm commitments to leave the United States as well as of 
obtaiiiing comparative data on engineers in other countries. Information 
should also be collected on American engineers studying, working, or visiting 
abroad. The engineering personnel patterns used by multinational 
corporations should also be examined (see pages 14-17). 

7 . NSF should provide periodic cross-tabulations of occupational mobility, such 
as by field of highest degree and current occupational functions, controlling 
for years of experience. Such infonnatim can be used as a measure of 
adaptability, indicating the extent of movement fix>m field of education or 
training to jobs requiring other engineering functions and competence (see 
pages 9-11). 

8 . NSF Surveys of Natural and Social Scientists and Engineers should include 
questions dealing with both formal and informal mechanisms by which 
engineers maintain tiieir technical currency. Proportion of time spent on 
formal and informal education and training activities should also be measured 
(see pages 12-14). 

9. The usefWness of all existing engineering employment data bases for 
providing information on technical updating can be increased by adding data 
elements dealing with level of technical responsibility and level of supervisory 
responsibility (see pages 1 1-12). 



Very Important 

10. NSF should continue its current efforts to improve data bases on foreign-bom 
engineers, including the possibility of a regular survey of immigrants that will 
im)duce much-needed irtformation on foreign-bom engineers living and 
working in die United States (see pages 14-17). 

1 1 . Special studies investigating factors relating to the success or failure of 
women and minorities both in engineering education and in the engineering 
labor force should be continued (see pages 17- 19). 

1 2. A pilot study should be conducted to develop adequate measurement 
techniques for utilization, technical currency, and resilience (see pages 9- 14). 

13. Periodic small-scale special studies should be undertaken so as to identify 
(a) areas in which technology is changing rapidly and (b) newly emerging 
fields. Then, special studies should be conducted to study how engineers and 
employers are maintairung currency in these fields (see pages 12-13). 
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Important 



1 4. Data about minorities in engineering should be collected and reported by sex 
(see pages 17-19). 

1 5t *^15ata on women and minorities in engineering should be released in a timely 
manner. Such data are inrocrative now that Acre are indications of downwaid 
wcn^m the enrollment of women and minorities in engineering (see pages 

The committee sees a real need for better coomiunication and coordination among the 
federal agencies collecting information about the engineering labor force and between those 
data collectors and others with more proscribed samples or interests. While the committee 
recognizes that some of the existing eneineering human resource data bases have already 
implemmted various of die recommended actions, it believes that incomorating changes 
that will make them more comprehensive and compatible will also facilitate crosswalks 
across major data bases, significantly increasing their usefulness to researchers interested in 
labor-market conditions for engineers and in engineering practice, and will produce 
valuable information upon which rational policy decisions can be made, both at 
govemmoital and institutional levels. The committee's recommendations respond to major 
concOTis of die engineering community. It is hoped that action will be taken on each of 
them in the near future. 
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Introduction 



In the early 198Qs, a m^lii ja engineering education and practice was corducted by die 
National Research Council's Coii lee on the Education and Utiliaation of die Engineer (CEUE). That 
study, partiaUysiqnMded by func. jm the National Science Foundation (NSF), concluded diatcu^ 
availaMe data baaes are jnadequate fior roalring historical comparisons or constructing consistent portraits of 
die engineering community and recommended a more comprehensive and consistent set of data, available on 
an annual basis, for tracldng and assessing the supply and utilization of engineer CEUE rcconunended 
diat (1) the datihcollection agencies use comnion definitions as weU as 

consistent information on dififerent segments of the engineering com mvadty and (2) the various public and 
private data<ollection agencies be convened 10 see how best to niake dat^ 
more complete, more accurate, and more compatible.1 

Reqnoding to the CHJE reconmiendatira, NSF funded a workshop on data needs f^ 
engineering labor-nuuket conditions, convened by a study conunittee of the Reserich Council's Office of 
Sdentifk and EngioMing Personnel (OSEP). Issues to be addressed by die Qxnmittee on Data Needs for 
Monitoriiv Labor-Mariut Conditions for Engineers include the d^nitional inconsistencies and 
niedioddogical incompatibilides of existing data bases, extensim or 

current infonnation gaps, and future data needs. The results will h^.lpNSF to plan for its data collection 
and analytical efforts in die 1 99Qs. 

This background paper has been prqiared to assist woifcshop particq^ 
engineering data needs. Fbst, it sununarizes die CEUE findings and condusions about data ne^ 
ai^lability, inchiding die engineering manpower flow diagram developed to identify difiGnent components 
and data needs (tf die engineering conununity(^nx!ndix A- 1). Second, data sources, including die ones 
used the CEUE, are presented (detailed desQ^ 

mediodological differences resulting in definitional and classification problems are discussed. Hnally,the 
papa presents a number of issues designated by the Committee on Data Needs for Afonitoring LabOT- 
Nbtricet Conditions for Engineers as die tmjor labor-maiket questions of the 199Qs and lists available data 
bases that could be used to analyze them. 

The focus of die woricshop is not education per se but, radier, enginemng practice, aldiough there are 
many educational questiras duu also require better and more comprehensive data collection. Furdier, many 
of die issues fiaced by die engineering educational conununity 

engineering employment However, iht wodcshop particq)ants are invited to concentrate on questions diat 
contribute to our undeistanding of die practu:e of engineering Educational data and issues should be 
considered only in terms of their impact on die scope and composition of the engineering supply. 



Findings and Recommendations 
of the Committee on the Education and Utilization of the Engineer 

Two CEUE panels dealt specifically wiUi labor-m^uket issues. The Panel on Engineering 
Emjdoyment Characteristics was chaiged widi (1) devdofiing an understanding of the employment patterns 
and demognqdiic and educational characteristics of engineers, techncdogists, and technicians and 
(2) determining how these patterns have changed or were likely to change widi time. Using Bureau of 
Labor Statistics (BLS) dbia, diat iMUid found dutt the engi^ 

its numbers to more than 1.5 million between 1960 and 1982. In \ldition, diere were 750,000 computer 
specialists and 1.1 millicHi engineering technicians in 1982. The ptjid was disturbed by the fact diat 
estinuttes of the number of engineers ranged firom 1.2 million (BLS) to more than 1.9 million (NSF). 



^Conunittee on the Education and Utilization of the Engineer, Engineer Education and Practice in the 
United States: Foundations for our Techno-Economic Future^ Washington, D.C.: National Academy 
Plress, 1985 
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There were also numenxis inconsisteiides in the numbcis of dififerent segments of flie engineering 
cooummity. The panel concluded that these inconsistencies made it difficult to develop either quantitative 
or qualitative descriptions of the engineering conununity and that without staiidard measurement criteria, 
these differences would be impossible to reconcile.^ 

The CHJEPand on Inftasinicture Diagramming and Modeling discussed more fully the strengths 
and weaknesses of die data coUection system as a whole 3 That panel studied the structure and dynamics of 
die engineering community, mcluding underiying driving forces and factors influencing bofli entrance into 
and ent fiom that community. The pand developed a flow diagram to present grq)hically the complex 
flows and interactions of the people who make up die engineering community and to help identify diffccent 
components of die system for which separate information is needed (i^^jpendix A-1). TTie following stocks 
and ftows were identified: 

• Entry pool, consisting of students in secondary education, foreign students, and returning 
adults; 

• Pdstsecondary education pool, consisting of B.S7M.S. engineering students, B.S7M.S. 
sciencc^madi students, B.S7M.S. technology students, B.A7MA. nontcchnology smdents, 
collegiate below-B.S. technical students, and collegiate betow-B.S. nontechnical students; 

• Ph.D. pool, consisting of engineering Ph.D. students, science/madi Ph.D. students, foreign 
Ph.D. students; 

' Engineering community employment pool, including engineering faculty, engineering pool, 
technology pool, and technician pool; 

• Transfers to staff support pool or to odier positions (e.g., sales or managerial); 

• Exit from the engineering community due to deadi, disability, emigration; transfers to oflier 
jobs; and foreign workers returning to dieir home countries; 

• Temporary exit to technical reserve pool. 

In collecting engineering manpower data, CEUE recommended diat the following definitions be used 
by all data-collection agencies: 

Engineering Business, government, academic, or individual efiforts in which knowledge of 
mathematical, physical and/or natural sciences is employed in research, development, design, 
manufacturing, systems engineering, or technical operations widi Uie objective of creating and/or 
delivering systems, products, processes, and/or services of a technical nature and content intended 
for use. 



Engineering Community People meeting at least one of die following conditions: 

• Actively engaged in engineering, as defined above; 

• Actively engaged in engineering education; 

• Qualified as an engineer, engineering technologist, or engineering technician, as defined 
below, and actively engaged in such engineering support functions as engineering management 
or administration, technical sales, or technical product purchasing; 

• Qualified as an engineer, engineering technologist, or engineering technician, as defined 
below, who was but is not now actively engaged in engineering, engineering education, or 
engineering support 

Engineer A person having at least one of die following qualifications: 

• CbUegfiAiniversity B.S. or advanced degree in an accredited engineering program; 



2CoiTimittee on the Education and Utilization of Uie Engineer, Engineer Employment Characteristics, 
Washmgton, D.C.: National Academy Press, 1985. 

^Committee on die Education and Utilization of die Engineer, Engineering Ir^astructure Diagramming and 
Modeling, Washington, D.C.: National Academy Press, 1986. 
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• Membership in a leoognized engineering society at a professicmal level; 

• Registered or licensed as an engineer by a governmental agency; 

• Ciinrent or recent emptoyment in a job classification requiring engineering woik at a 
pnrfessional level. 

Engineering Technologist A person having at least one of the following qualificadons: 

• A bachekv's degree fipom an accredited program in engineerit^ 

Current or recent employment in engineering woric» hit lacking the qualifications of an 
engineer as defined above. 

Engineering Technician A person having at least one of the following qualifications: 

• A degree or certificate fipom a one- to three-year acandited technical pro^^ 

• Current or recent employment in engineering wori^ but lacking the qualifications of an 
engineer as defined i^ve and at a tower job level than that of an engineering technologist 

These definitions qjpear to be tmad and flexible enough not to cause major chan 
used by major data-collection agencies. However, the definition of the overall engineering community 
cleariy points out inadequacies in the existing data-collection s)*Siem. Specifically, CEUE found that data 
are relatively incomplete on staff support, technical reserve, and technician pool as well as on flows out of 
engineering due to retirement, death, etc. Further, information is very limited on immigration/emigration, 
geogrqjhical mobility, reentering adults, and community college graduates. 



Data Bases on Engineers 

The following is a brief description of the oiganizaticns that manage data bases on engineering 
manpower (see ^pendix A-2 for detailed descriptions). Some of these organizations collect data only on 
engineers (e.g.. Engineering Manpower Commission) while others have broader target populations (e.g.. 
Bureau of the Census) fiom which information on engineers can be extracted. In between are the data bases 
managed by NSF, whose data-collection efforts focus on scientific and technical human resources. 



Overview 

The Accreditation Board for Engineering and Technology (ABET) has maintained since 1936, when 
accreditation first began in engineering, all the data on educational institutions and programs generated 
through the accreditation process. ABET conducts annual analyses of the results of accreditation action in 
engineering, engineering technology, and related areas. In particular, ABET data deal with the quality and 
status of engineering education. 

The Engineering Manpower Commission (EMC) of the American Association of Engineering Societies 
maintains a data base on engineering and technology enrollments and degrees based on annual surveys of 
educational institutions. The survey population for engineering enrollments and degrees is quite 
comprehensive and includes over 300 institutions of hi^ier education that award at least a bachelor's degree 
in engineering. The /^c/vi^/ojy survey, on the other hand, is soinewhat less comprehensive. Information 
is collected by sex, edmicity, citizenship, and a number of educational variables. No information is 
collected on pre-engineering enrollments in 2-year institutions. 

EMC also collects base salary information annually from a comprehensive sample of employers. It 
also conducts bieniual surveys of salaries of engineering faculty. Salary information is provided by type of 
school and by academic rank. Since 1986, all EMC enroUment and degree data are available in PC 
machine-readable format 

The American Society for Engineering Education (ASEE) conducts an annual survey of engineering college 
research and graduate study, published in the spring as the Engineering C^oU^e Research and Graduate Study 
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issue oi Engineerii« Education. Entries from over 200 schools provide information far prospective 
students as weU as data cm fiKuIty and studem numbeis, degrees, res^ 

labcvatories. Detailed indexes list fields ofstudyarxl areas of leseaich. ASEE also conducts annual or 
biennial surveys of engineering and engineering techmdc^fi^ -[^sufy^y 
population is comprehensive md includes most engineering schools. 

The National Society of Professional Engineers (NSPb) conducts annual engineering salary surveys of its 
membershq). Since NSPE membership tends to be older than engineers in general, the survey results are 
not readily generslizable to the engineering population, unless cross-tabulations are run by age. 

The National Science Foundation's Division of Science Resources Studies designs, conducts, and sqqxms 
surveys collecting information on scientific and technical personnel, funding, and inputs/outputs to the 
science and technology enteq)rise. NSF maintains the Scientific and Technical Personnel Data System, 
which comprises three surveys and a computer-based model: the National Survey of Natural and Social 
Sdoitists and Engineers (often referred to as the "Ejqierienced Sample"); the Survey of Doctmate 
Recipients; and the Survey of Science, Social Science and Enginesring Graduates (also called the "Survey of 
New Graduates"). While each surv^ provides infcmnation on a select portion of the total S^populad^ 
the model-die Science and Engineering Tabulating Model-combines the results of the Expnienced Sample 
wi th that of the S urvey of New Graduates to produce national estimates of the total stock of engineers and 
scientists in the United States. 

NSFs very complex screening process defines and identifies engineers based on educational 
credentials (at least 2 years of college), self-rqxmed occiqwtion (has been employed in an engineering 
occupation as defined by NSF; diis excludes computer specialists), md/or professional identification as an 
engineer on the basis of total education and work experience. Mi^g are data on technologists, 
technicians, and others who may b^** employed in "engineering" positions widiout the educational credentials 
as prescribed by NSF. 

Otiier regular data-collection activities of NSF include the Survey of Earned Doctorates (results of 
whkA are inonporated into die Doctorate Records Fde nmintained by die National Research Council) and 
Surv^ of Graduate Science and Engmeering Students and PostdoctoratM I^SF also uses data from die 
Immigration and Naturalization Seivice to assess annual flows of foreign scientists and engineers. 

The National Center for Education Statistics (NCESh Department of Education, dirough (1) Fall 
Enrollment and Compliance Report and (2) Degrees and Otiier Formal Awards Conferred, has provided 
information annually on enrollments and degrees conferred in higher education institutions in die United 
States. These data have been reported by sex of student, control of institution (public, private), and 
discipline q)ecialty. In recent years, cross-tabulations by discipline specialty have been excluded from 

published rq)ons but can be obtained from die Center. NSFpublishesfieU data on earned degrees from die 
NCES* "degree" scries. ^ 

NCES is cunendy expanding its data bas ^ to include over 13,000 postsecondary institutions. It has 

also added two new surveys to its data base: one of faculty and one on student finance. 

The Bureau of the Census, Dq)artment of Commerce, conducts die Decennial Census of U.S. population. 
Data files include detailed demognphic, educational, and employment infi»mation. NSFs Experienced 
Sample is drawn bom the Decennial Census. 

The Bureau of Labor Statistics (BLS) conducts die Occupational Employment Survey (OES) involving all 
U.S. industries. NSF provides partial support to cover S&E fields. This survey collects data on die 
number of persons working as **engineers.** Definitions fi>r each occupation are provided to respondents. 
The definition of "engineer^ excludes sales engineers and en^nneering teachers, but data are collected 
separately on diese two occupations. Woricers in all fields of training (or wotk) whose duties are primarily 
managerial are counted as managers. A 3-year cycle is needed to cover die entire U.S. industrial sectr-. The 
Current Population Survey (CPS), based m mondily household structured interviews, provides 
employment statistics for die U.S. population. 

Data from die ttiree survey waves are aggregated biennially by BLS* Office of Economic Growdi and 
Employment Projections. Counts of engineering jobs provided by industry are integrated widi counts of 
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self-employed enginoers (obtained firom the CPS) and fonn the basis of the Industry-Occiqndonal Matrix, 
lued in estimating base-year numbers of engineers and in projecting employment 

Battefle conducts annual salary surveys of 1,254 R&D centers in firms having over 12,000 employees. The 
data are r^odedfion employee payroll records. No demogrq)hic information is collected. 

The Cottege Placement Council (CPC) also conducts annual salary surveys, providing information on 
beginning salary offers to graduates at all degree levels fiom arqinesentati «^ group of U.S. colleges and 
universities. CPC survey results are rqx)rtBd by gender, field, type of employer, and degree level.^ 



Inconsistencies in the Data Bases 

The available data sources on engineering differ in scope and purpose as well as methodology. 
Although each data base reqxmds to the information needs of its data-^ 

populations, sampling mediods and size, response rates, data elements, etc., produce information that is 
seldom compatiMe or consistent. Of concern hne are the methodological and definitional differences in 
BU and NSF surveys, which are major sources <tfinfonnation on the engineermgla^ Although 
the BLS and NSF surveys share some common origins, differences in their survey methodologies make 
comparisras difficult and often produce inconsistent results, sudi as varying work force estimates. 

In cakulating engineering manpower counts, BLS reiies on the IndustryA)ccupational Matrix derived 
fircHn two sources informatkm: the OcctqxUional Emptoyment Survey (OES), wldch is a comprehensive, 
establishment-based mail survey, and the Current Population Survey (CPS), which is a household survey of 
relatively small sample size. In the OES, the respondent is a representative of the surveyed industry who 
provides information on the number of persons working as engineers. In the CPS, the interviewee is a 
member of the household, providing occupational infcvmaticm on himselC/herself as well as other members 
of the househoUL 

In contrast, NSF estimatrs are based on responses of individual scientists and engineers to three mail 
surveys: the National Survey of Natural and Social Scientists and Engineers, the Survey of Doctorate 
Recipients, and the Survey Science, Social Science, and Engineering Graduates. NSF relies on a 
complex computer-based algorithm to screen respondents as engineers, using educational credentials, self- 
repoitci occupational description, and professional identification. 

BLS and NSF engineering work force estimates vary also because of differences in classification 
systems used to define or code engineers. 

There are seven divisions in the OES classification system: 

1 . Managerial and administrative occupations 

2. Professional, panpofessional, and technical occupations 

3. Sales and related occupations 

4. Oerical and administrative support occupations 

5. Service occupations 

6. Agriculture, forestry, fishing, and related occupations 

7. Production, construction, operating, maintenance, and material handling occupations. 

Respondents filling out information on die number of engineering jobs in dieir organizations are instructed: 

Include persons engaged in the potential i^lication of physical laws and principles of 
engineering for the development and utilization of machines, materials, instruments. 



^There are a number of other national data sources that have not been included here because of their 
educational focus-fnr example. Cooperative Institutional Research Program of the University of California, 
Los Angeles, and the American Council on Education (fiom which annual freshman norms are derived); and 
the Graduate Records Examination files of the Educational Testing Service. 
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IWDCcsses. and services. IncU^te engineers in research, dcvelopmcni, production, technical 
services, and other positions diat require knowledge nonnally obtained tfirough 
completion ofa4-yearenginecring college program. Exclude persons trained in 
g^|P|?^^8 who mflQT be cunrenfly working in positions not requiring engineering 

Enginenng is included in the second catcgory-that is. "prDfcssionaJs, par^-rofessionals, and technical 
occupations"-and aU engineering-trained personnel working in jobs that are included in die remaining 
occiqntional catpgcnes are not klendfied as enginee. ; 



Engineering Classification Systems 

Classificaiion systems used I, "^^iercntdata^ollcction agencies vary somewhat ''^sample, 
aiginecring taxonomies usea in OESquBstioimairesar^ rcovcred. 
Fdr instance, the questionnaire sent to die mining and quanying industry includes die for /wiiig: 

• Metallurgists and metallmgical, ceramic, and materials eogineers 

• Mining engineers, including mine safety (mine equipment, design engineers, etc.) 

• Civil engineers, including traflSc (fiwest engineers, structural engine/^, etc.) 

• Mechanical engineers (facilities ot products mechanical design engii irs, etc.) 

• All odier engineers (industrial engineers, dec^cal and electionics er ginecrs, etc.) 

The questionnaire lo die ou and gas extractton i idustry. on die odiek hand, includes die foUowing: 

• Mi'^ing engineers, including mine safety 

• Petroleum engineers (drilling engineers, mud analysis well-logging captains, etc.) 

• Caiemical engineers (absorption and adsorption engineers, etc.) 

• Qva engineers, including traffic (structural engineers, etc.) 

• Electrical and t'ecttonics engineers (computer engineers, etc.) 

• Industrial engineers, except safety 

• Safety Jiginetsrs, except mining (polluticii control engineers, fire protection erginecrs, etc ) 

• Mechamcal engineers (facilities or products mechanical design engineers, etc.) 

• All odier engineers (marine engineers, biomedical engineers, etc.) 

In die CPS, die Standard Occ u ational Classification is used to code occupational information given by a 
tSfoSng wn job or diat of other members of die household Engineering codes include 

• Aeroq)ace engineers 

• Agricultural engineers 

• Civil engineers 

• Chemical engineers 

• Electrical and electronics engineers 

• Industrial engineers 

• Marine and naval engineers 

• Mechanical engineers 

• MetaUurgical and materials engineers 

• Mining engineers 

• Nuclear engineers 

• ^^troleum engineers 

• 4.ngineers, n.c.c. 

Computer system analys;s and scientists are coded separately and reported under die "Madiematical and 
computer scientists category, in surveys by NSF. Engineering teachers are coded separately and reported as 
postsecondary teachers. Sales engineers are coded under sales occupations. 
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In summary, BLS*s defimtions are occupation-specific, and **occupation** is defined as the one in 
which an employee or respondent is woildng lather than the occupation for which he/she may have been 
trained Asaresdt,anemidoyeetrainedasanengineerbutworidiigasadr^^ 
drafter, and vice versa. 

The engineering fields used in the NSF 3-level algorithm are: 

• Aemnautical and astronautical engineers 

• Chemical ertgineers 

• Qvilengineen 

• Electrical aiid electronics engineers 

• Industrial ei^gineers 

• Materials engineen 

• Mechanical engineers 

• Mining engineers 

• Ntickar engineers 

• Petroleum engineers 

• Other engineers (including systems engineers, sales engineers, marineengineers or naval 
architects, environmental or sanitary engineers, agricultural engineers, etc.) 

^>pendix A-3 presents classification systems used by NSF and NCES. An important topic for the 
workshop participants is to discuss to what degree tfiese clas^ication and definitional systems can be 
improved to make theiVMre responsive to emerging fields in engineering education and occupations in the 
1990s. 



Engineering Manpower Issues 
and Data Needs for the 1990s 

The Committee on Data Needs for Monitoring Labor-Market Conditions for Engineers discussed 
several engineering manpower questions and decided that the major manpower issues for the 1990s centered 
around the following topics: 

1 . Nature and scope of Occupational Mobility, flow (fynamics; care^ patterns of engineers with 
different educational levels and training; f ungibility of the engineering work force; resiliency 

2. Technical Currency: effects of new technologies/fields on U.S. engineers; nature, scope, and 
effectiveness of continuing education and in-service training 

3. International Flaws: net effiects on U.S. M^neering work force; r/jmber and types of foreign 
engineers who enter, leave, or remain in the I i. engineering co^imiunity 

4. Women and Minorities: nature and effectiveness of increasing the participation of 
underreprese n ted groiq)s; numbers and utilization patterns of women and minorities; tracking 
whether particqnt' ysk is increasing 

In addition to discussing the methodological proUems of existing data sources, workshop participants are 
expected to evaluate existing data so^ .x:es and determine the following: 

• How adequate is the current taxonomy of engineering fields and functions? 

• How can the various data bases be used in conjunction with one another? Howcan 
clas'-^iication systems and definitions be standardized? How can the major sources of 
engineering information be integrated into one data base? 

• Can these manpowo' questions be answered with available data? If not, how can the existing 
data bases be improved or expanded to provide answers to these questions? What kinds of new 
data should be collected to answer these questions? 

This section briefly discusses the types of information needed to answer each manpower question and the 
availability of such information from existing data bases. 
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Nantre and Scope of Occupational Mobility 



Ihe major issues involve flow dynamics of the engineering lato ma^et, career patterns of 
engineers with different educational levels and specialization, fungibility» and the resiliency of the 
engineering woik force: 

1. What are the typical caieer patterns of engineers in differeiitf^ with different degrees? 
What causes deviations from the Verage**? 

2. How many engineers change emptoyers? Why? What is the longevity of engineering 
graduates in different positions? Ifow many for how bng stay in industry, private practice, or 
academe? 

3 . What percentage of engineers woric in engineering management, manufacturing, research, and 
development? What are the rates of up^Kwd mobility? What factors contribute to or are 
associated with such career changes? 

4. What are the components of the engineering manpower supply pipeUne? Which of these 
components are the most significant in terms of magnitude, propensity for short-term 
chanties, and kxig-term changes? 

5. Upon graduation, how many engineers accept jobs outside the dis^ 

Outside die engineering profession? How nuuiy continue thdr education in odier than the 
engineering profession? 

6. What proportion of people widi a bachelor's, master's, and PhD. in engineering are currently 
not employed in engineering w<xk or in the nuna^ment of engineering work? Of the group, 
what is their current primary activity? 

7. How many people holding a job widi engineering in the title have degrees in engineering? 
How many people widiout a degree in engLieering are performing engineering jobs (widi or 
widiout die tide)? What disciplines did diey study at die university level for each of die 
various jobs? 

8 . How many engineers annually leave their profession to enter die "technical reserve pool"? By 
age? By disc^line? By industry? Why? How many engineers return to die engineering pool 
from die technical reserve pod? By age? By discipline? By industry? 

9. How many engineering technicians are diere? What are their demographic and employment 
characteristics? How numy technobgists are dim? What proportion of die engineering labor 
market do diey rqnesent? 

10. What is die geographic mobility of engineers? 

Most of these questions require longitudinal data, involving follow-up surveys (of graduates as wdl as those 
already emp yed) and detailed educational and employment informadon to track career mobility and 
changes. A ikely data source is NSFs Scientific and Technical Personnel Data System. The surveys of 
recent science and ei^gineering graduates and doctorate recipients provide information on employment plans 
and oppodunides of each new stock of engineer, die data base includes various demogn9)hic and educational 
background questions diat can be used as control variables. Fiuther, NSFs experienced sample of scientists 
and engineers, drawn from die \9Z postcensal survey and followed up in 1984 and 1986, provides a rich 
source of information to track individual career changes, controlling for numerous demographic and 
educational variables. Moreover, NSF data can also be used to describe die nauire-and, to some degree, tte 
scope-of inflows firom science to engineering as well as outflows from engineering to odier occupations. 
Information on inflows into engineering of people with nonscience backgrounds and on iq)per mobility 
widiin die technologist or technician pool can, to some degree, be obtained from BLS data bases. 

In general, information is more readily available for recent graduates from any discq>line or at any 
degree level who enter the engineering pool dum for persons who transfer into die engineering pool from a 
different stock (such as nonengineering faculty, technk:ian pool, staff support, ot technical reserve). 

Technical Currency 

Concerns here include die resiliency and fungibility of engineering manpower to respond to 
changing labor-market conditions and die scapt and effectiveness of continuing education and in-service 
programs to reduce technical obsolescence. The questions u. iude: 
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1 . What are the utilization patterns of engineers in different specialties? How is the utilization of 
different engineers beuig affected by new techn<dQgies, such as computer-aided design? 

2. What are die most important ways to ir..prove resilience (ability to adapt to new 
dicumstances) in the engineering wotk force? 

3. What is the scope, nature* and effectiveness of continuing education and in-service programs? 

4. What is the deppeectf obsolescence throughout the engineering profess What is being/can 
be/should be done to minimize it? 

Although it may be possible to enumerate changes in the utilization patterns of different types of engineers 
(for example, by documentiog dianges in demand for engineering work entailed by a shift in emphasis from 
the devdopmem of q»oe systems to the levitalization of mamifacturingfEK^^ it is more difficult to 
measure and document regency, which may require moce qualitative than quantitative data. 

The questioos regarding the nature, scope, and effectiveness of continuing educatim and in-service 
progranu require data firom academe, indusoy, and individuals NSFs data base on experienced scientists 
and engineers indodes questions regarding partkq^ation in employer-training fidlities, adult education 
centers, and coarmprnented by professional as^ Although information is available on the 
number of engineers who have taken such courses, the available Cata do not pemnit conclusions about the 
amount of resources directed tr' courses, the exact nature ofthe courses, and the 'mpact of such courses 
on engineering employment 



Intematioml Flows 

Because of the increasing prq;)onderance of foreigners among engineering students, faculty, and 
practitioners, the involvement of foreign nationals in U.S. engineering and technology has become an 
increasingly important issue. The following questions are frequently asked: 

1 . How many and what types of foreign engineers enter, leave, and remain in the engineering 
work force? How long they stay? 

2. )^iat are the miycMr countries from which foreign engineers come? What factors promote the 
fk>w of foreign engineers to the United Stales? 

3 . How many American engineers actually emigrate to foreign countries? How many seek short- 
term or k>ng-;:rm employment abroad? In what disciplines? What are the major countries to 
which American en2^•^^^^» !i0 for employment? In wh&t engineering discipline? What are the 
determinants oi American engineers seeking employment abroad? 

4. What are the net effects of enploynient of fbreign engineers in the U.S. engineering woric 
fixce? 

The following da . urces, many of which remain relative^ unt2q)ped, can provide information on foreign 
dJzens: 

• Annual Census of Foreign Students (Institute of International Education) 

• Fall Enrollment and Compliance Report; Degrees and Other Fomud Awards Coviemd 
(National Center for Educauon Statistics, U.S. Department of Education) 

• Engineering md Technotogy Enrollments and Degrees (Engineering Manpower Commission) 

• National Sur\xy of Natural and Social Scientists and Engineets (National Science Foundation) 

• Surv^ of Science, Social Science, and Engineering Graduates (National Science Foundation) 

• Survey of Eamec "doctorates (National Science Foundation) 

• Scientists and Engineers Abroad (National Science Foundation), based on data of the 
Immigration and Naturalization Service, U.S. Department of Justice 

• The Decennial Census (Census Bureau, U.S. Department of Commerce) 

• Current Population Surveys (Census Bureau, U.S. Department of Commerce) 
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Women and Minorities 



The recent declines in the number of U.S. males interested in the sciences and engineering have 
intensified interest in increasing participation of women and underrcpresented minorities-that is> blacks, 
Hispanics» and American Indians. Que^Oiis raised include the following: 

1 . What are the numbers and characteristics of women &vid minorities who enter engineering? 

2 . What percentage of w(xnen and minorities holding engineering baccalaureates pursue graduate 
education in engineering? What fiKtors influence this decision? What are the structural 
barrien to their pursuit of graduate education in engineering? 

3. What are the utilization pattenis of women and niinority engineers by fkld,]^ 
ofactivity? What fiKtOfS determine tiie career patterns ofwomen and minority engineers? 

4. How difiFcannt are die career aqrirations of m 

nonminority engineers? What is the relai'^^nship between their career aspirations and career 
attainment? What fiEctns lead to the lower particq)ation rates of women and mm 
engineering, as compared to the participation rates of men and whites? What are the barriers 
to the piffsuit of engineering careers by women and minorities? What stq» can/should be 
taken to increase w^m^u and minority faculty recruitment and retention in engineering? 

For descriptive purposes* most of the data bases discussed here include infonnation by sex a:id by eduiicity- 
for example* the Doctorate Reccmls File, NSFs Scientific and Technical Personnel Data System, and the 
Decennial Census. The Current Population Surveys also provide inCcmnation on the sex of the respondent, 
although the sample size is too small for detaOed analysis. However, most of these data bases can be 
manipulated to provide any cross-tabulations by sex. 
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Appendix A-1 
Comprehensive Flow Diagram 
of the U.S. Engineering Community 
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Committee on the Education and Utilization of the Engineer, National Research Council, Engineering 
Infrastructure Diagratming and Modeling, Washington, D.C.: National Academy Press, 1986# PP* 24-25. 



Appendix A-2 
Major Engineering Data Bases 



Accreditation Doard for Engineering 
and T^^hnology (ABET) 

ABET»afedeiati(mof26ei)gineeringsoc]eUe8iqnse^ 1300,000 engineca:s, deals 

withmattenpenainingtoeducadonmenginemng^a Itsetsthc 
policies and standaids for aocieditiiv CQgioo^ 

institutkms of higiier education and evalo^ It maintains data 

on all such programs, beginniqg in 1936, when accieditatio^ The data iqvesent 

diose included in the evaluation of bodi each iec(^^ ABET 
data aie generated each year those institutions and programs bei^ 

accreditation process by an equating team. In additim, ABET responds to the needs of the engineering 
prof ession by conducting periodic studies. 



Data Bases 

Engineering Accreditation Commissiot^ 
Tedmology Accredits^:^ Commission 
Related Accreditation Commission 
Quality of Engineering Education 

Data collection method: 

Frequency: 

Availability: 

Personal data elements: 

Education data elements: 



Respondent 
Educational institution 
Educational institution 
Educational instidition 
Accreditation commission 

Campus surveys, visits, institutional reports 

Annual 

Rq)orts, tables, graphs 
None 

Level, field, degree; faculty and student numbers; baHty- 
smdent ratio; faculty profiles; equipment; courses offered; 
cost of education; expenditures 



Employment data elements: 



Biographical elements; salaries; consultancies 
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Engineering Manpower Commission (EMC) 



The EMC is a major source of engineering education Through mail surveys sent to 

educational institutions* EMC collects and itports data on engineering and (echnotogy enrollments and 
degrees annually. EMC also conducts annual surv^s of engineering oompen^ition and biennial Surveys of 
Salaries ofEngineers in Education. Since 1986 aU EMC enrollment and deg^^survqrs are bem^ 
on PC-compatible equqmient and are available in machine-readable format 

Engineering and Technology EnroUmenis Surveys 

Ibc annual engineering enrollments survey includes all higher education institutions in the United 
States and its tenitcmes that have at least one erigineering curriculum approved by the Accreditation Board 
of Engineering and Techndogy (ABET) and all other schools that award depees in engineering at the 
bachelor's level w higher. The 1986 survey inchidcdSil institutions, of which 270 were ABET-iq^^ 
The technology survey included 257 schools, of 185 were ABET-qjproved. EnroUment data are 
collected f(V aU students and are also Iroken down fOT wom^ 

Asi an^^ iacific Islanders, and foreign nationals. Program varidto include year-in-school slams for fiiU-time 

undergraduates and type of degree sought (rnaster's, pfoficssiond 

time graduate study. Part-^iine students are tabulated sqiarately at the undergo 

irrespective of their year in school or of the type (tf degree sought Tables are presented separately by 

school (Usted alphabetically by state) and by major discq)line (qyproumateiy 20 engineering and 20 

technology groups). 

Engineering and Technology Degrees Granted Survey 

The annual degrees survey includes all higher education institutions that award engineering or 
engineering technology degrees. The 1986 survey included 303 institutions awarding engineering degrees 
and 282 schools with eiigineering technology programs. Degree information is rqxnted in three volumes. 
Part I presents descriptive data by school, in alphabetical order by state, and for each nugor type of 
curriculum, including control (public, private) and accreditation status. Cross-tabulations are by degree 
(bachekv's, master's, professional, and dc imtte) in engineering and certificates (associate's, bachelors, and 
master's) in engineering technology. Summary tables provide both ovoall numbe/j of degrees across all 
schools and states and those for women, blacks, Kispanics, American Indians, Asian Americans, and fiwcign 
nationals. Part n presents detailed information for minorities, and Part III provides tabulations of the degree 
data by curriculum. 

EMC degree information is not completely compatible with NCES degree information. NCES 
obtains data on all postsecondary programs and places computer science in its own cat^ory outside 
engineering, whether the degrees come from an engineering school or not EMC reports all enrollment and 
degrees issued by engineering schools to the extent that these schools choose to report computer science. 

Professional income ofEngineers Survey 

An? lual base-salary information on engineers employed in industry is obtained from i?)proximately 
260 industr; participants. Forms are sent to all of the engineering employers identified in the Peterson 
Guide to Scientfic, Engineering and Computer Jobs plus added employers known to be missing fiom the 
Peterson list and others that have participated in prior surveys. Renim. are weighted to bring the 
distribution of engineers in line with the BLS Occupation/Industry Matrix. In 1987 this survey reported on 
the compensation of over 113,000 engineers. 

Data are presented by industry sector, level of highest engineering degree, supervisory- 
ncMisupervisory stauis, and experence (years since receiving the bachelor's degree in engineering). Thus, the 
data can be used to m^me the relative propensity of different industry sectors to employ people with 
advaiiced degrees, as well as to gauge salaries; data also yield distributions of engineers by levels of 
experience. Tabulations are also provided for differences by size of employer and region. EMC salary data 
are not presented by types of engineering specialty; howev^, EMC reports industry averages. 

Two reports arc issued: the Special Industry Report includes all possible details except data on 
engineers employed by government agencies; Professional Income ofEngineers is an abridgement, leaving 
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om detailed tabulations Iqr levd of earned eng^ 

government EMC Ims time-series data from these surveys dating back to 1^^ 



Swyey qf Salaries cf Engineers in Education 

EMC also does a similar biennial Survey of Salaries of Engineeis in Educ^ The last one was 
in 1986; the 1988 version is cunently under way. Coverage is good-arounddiree-quarters of all 
engineering ficulty were included in the last one. Data are pmented by type of school O^i-D.- 
non-PbJ>.-gruiting, and engineering technology) and by academic rank (full, associate, assistant professors 
phis instructors, researchers, other nonteaching faculty, and administratcxs). 



DataBasts 

EilgineQring and Technotogy Degrees Granted 
Engineering and Technobgy EmoUments 
I rofessionallnoooie of Eqgineen 
Salaries of Engineers in Educatkm 

DcUi ejection method: 

Size cfsa^le: 

Frequency: 
Availability: 

Personal data elements: 

Education data elements: 
Employment data elements: 



Respondent 
Educaticmal institution 
Educational institution 
Employment institution 
Ediicational institution 

Mail survey 

Educational surveys: ov^ 300 institutions; PIE: 
about 260 industries 

Annual excq)t SEE is biennial 

EnroUment and degree surveys: CP machine-readable; 
salary surveys: tabulations 

Sex, ethnicity, nationality rqxmed but cannot be 
aoss-tabuL'ied 

Level, type, and field of degree 

Salary surveys: salary and industry sector 
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American Society for Engineering Education (ASEE) 



ASEE conducts an annual survey of uigincering school research and graduate study, as well as 
annual biannual surveys of cngineeriog and engineering techndpgy faculty and graduate students, at all 
engineering schools. The mail surveys are completed by educational institutions; infornu^ 
Engineering Education (a special issue is devoted to the leseaich survey) and is also available for researchers. 

Iheamiual research and gnuluate study questioon^ with only 

minor chai^ges. It covers names of administratorSt admission gpquir»jnents, number of facultyt number of 
undergraduates, giaduat*^ degree reqpiirnnents, extensra 
emoUniem and d^rees granted dq»rtnient, appointme^ 
doctoral theses, mmibers (rf persomid e^g^ged in sqparatdy budgeted 
source of supped, sq;)arBtdy budgeted lesea^ 
engineering coU^, and separately funded laboratories. 

C^iestioonazre derign of the fiEculty survey has v^ 
questions are nm wonled consistently fiom one survey to die next, as evident 
questionnaires. The 1987-88 survey inchided faculty shonage information by engineering fields and 
academic rank for number of authorized and funded positions, position 

unfilled since 1986 as wdl as questicMis relating to recruitment proUems. Infonnation was also collected 
on new appointments to fiill-tinie tenure and nontenure tracks by academic rank and dqiactures from full- 
time faculty. Attitudinal questions relating to "problems in engineering education" were also asked. 

The foculty surveys usually provide infonnation about characteristics (eg., tenured, have doctorate, 
ethnic minority, women, age, academic rank, and engineering specialty) of U.S. engineering and technology 
faculty. 



DataBases 

Engineering College Research 

and Graduate Study 
Engineering Faculty and Graduate 

Students 

Data collection method: 
Size of sample: 
Frequency: 
Availability: 
Personal data elements: 
Education data elements: 



Employment data elements: 



Respondent 
Educational instituticxi 
Educational institution 
Mai* survey 

All schools of engineering 

Research: annual; Faculty: annual or biennial 

Engineering Education; tabulations 

Faculty survey: national origin of ^^uate suidents 

Level; field; type of degree; number of students, degrees 
granted, by d^artment; appointments made to graduate 
students; research areas; number of personnel in sepanuely 
budgeted research; research expenditures by source of suppcnt; 
separately budgeted research expenditures 

Numba of faculty; faculty positions authorized; faculty 
mobility; recruitment of foculty 
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National Society of Professional Engineers (NSPE) 

NSFE conducts amual sal jiy surveys of its membership, which includes individuals without 
professional engineering dei^rm. Detailed infcxmation is collected on employment (e.g., type of employer* 
length of experience, industry or service employer, *ypt of supervisory responsibility, size (k organization, 
number of engineers emptoyed, geograishic area, sdary), et^ 

degreeeaned. The data are only available in talxilarfimn. In addition, because the surv^ population is 
limited ftp NSPB membership, the data are of limited use, NSFK members differ from engineers in general: 
they tend to be older and tnoreoqxmnoed. Therefore, the surv^ results are not readily generalizabk to the 
tottl engineering population, even if age differences are controlled for. 



DataBase 

Professional Engineer Income 
and Salary Survey 

Data collection method: 

Size cf sample: 

Frequency: 

Availability: 

Personal data elements: 

Educadon data elements: 

Employment data elements: 



Respondent 
Individual members 
Mail survey 

Approximately 63,000 (excludes students and retired persons) 

Annual 

Tabulations 

Ethnicity 

Level, engineering discipline(s) 

Current occupation, type of employer, work activities, level of 
professional responsibility, years of experience, salary, 
geogr£q)hic region, metropolitan area 
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National Science Foundation (NSF) 



NSFs Division of Science Resources Studies designs, conducts, and supports surveys collecting 
infonnation on scientific and engineering personnel, funding, and inputs/ouq?uts to the science and 
technology enterprise. The definitions used in estimating the numbers of engineers arc based on educational 
credentials (at least 2 years of coll^), self-rqwrted occupations (is or has been employed in an engineering 
occui»tion) , and/or professional identification as an engineer on the basis of total education and work 
experience. NSF collects data on computer q)ecialists scpmttly from data collected on enginecis. 

NSF maintains the Scientific and Technical Ptoonnel Data System, which comprises three surveys 
and a computer-based model: the National Survey of Natural and Social Scientists and Engineers 
(NSNSSE); die Survey of Doctorate Recipients; and the Survey of Science, Social Science, and 
E^inccring Graduates (SSSSEG). While each survey provides information on a select portion of die total 
S/E population, the modd*-die Science and Engineering Tabulating Model-combines the results of die 
NSNSSE with that of die SSSSEG to produce nadonal estimates of die iQial stock of engineers and 
scientists in die United States. 

National Survey of Natural and Social Scientists and Engineers 

Starting widi die 1970 Cfcnsus of Population, diis survey provides data on die number and 
characteristics of individuals who were identified among die science and engineering population. The initial 
survey in diis series, based on die 1980 Caisus of Population, was conducted in 1982 for NSF by die 
Bureau of the Census. Since dicn, follow-up surveys have been conducted in 1984 and 1986, providing a 
Icmgitudinal profile of scientists and engineers. This extremely valuable source of information provides 
descriptive and analytic data, including education and training (e.g., level and field of degree), demographic 
characteristics (e.g.. sex, age, race, Hispanic origin, handicapped status, marital status), citizenship, 
emptoymcni status (e.g., fiiU ^-time, reasons for non-S/E employment), and detailed employment profile 
(c.g., occupation, type of wnployer, primary woric activit> , salary, woric experience). The questicmnairc 
also provides information on continuing education, in-service training, and odier related program 
participation. 

Survey of Science, Social Science, and Engineering Graduates 

The objective of diis biennial survey, conducted for NSF by die Institute for Survey Research, 
Temple University^ is to provide data on die demographic (c.g., sex, race, Hispanic heritage, citizenship, 
marital status, and age), education (e.g., date and year of degrees, major field of degrees), and employment 
[e.g., early career experiences, labor force status, sector of employment, primary work activity, sala^, and 
reasons for employment in a non-S/E job (if ^licable)] characteristics of individuals who received 
bachelor's or master's degrees in science and engineering fields bom U.S. institutions. The most rccendy 
completed survey was conducted in 1986, covering die graduating classes of 1982, 1984 and 1985. 

Survey qf Doctorate Recipients 

Conducted biennially by ±t National Research Council for NSF, diis survey provides national 
estimates of die population of science and engineering doctorates. The survey is based on a sample of 
individuals drawn from die Doctorate Records File (see "Survey of Earned Doctorates" below) and includes 
mdividuals who received doctorates during die preceding 42-year period in die natural and social sciences, 
madiematics, and engineering from U.S. institutions, as well as individuals who received rcseaix;h doctcrotcs 
in non-S/E fields but were known to be employed as scientists and engineers. Data are collected on major 
demographic character .tics (e.g., age, citizenship, marital status, sex, race, and Hispanic heritage) and 
employment (e.g., employment status, sector of employment, primary work activity, salary, and, if 
applicable, reasons for working in a non-S/E job). The most recent survey was conducted in 1987. 



54 



44 



Other NSF Surveys and DataBcaes 



Survey €f Graduate Science and Engineering Students 
andPostdoctorates 

This ift the only national surv^ that collects infonnation on the characteristics of graduate science 
and engineering emollmeni at the dqMrrtroenial level It is conducted by Quantum Research Inc. for NSF. 
Hie survey pqxdation includes bodi doctorate- and master's-granting institutions, as well as medical 
schools and other specialized institutions offering first-professional doctorates in health-related fields. It 
provides informaticm on the head counts of full-time graduate students, with imcmnation on purees and 
mechanisms of their nugor siq)p(xt, sex, race, ethnic background* level of study, and citizenship. For 
graduate students enrolled pert-time, summary data on sex and racial/ethnic bacl^ground are available. 
Summary information on postdoctorates and nonfaculty research staiOT also cover source and mechanisms of 
supp(wt, sex. and citizenship. 

Survey cf Earned Doctorates 

This survey, conducted for NSF by the National Research Council collects infv miation annually on 
die number and characteristics of redpients of doctorates awarded by U.S.inst^ The survey 
questionnaire is distributed, with the cooperation of deans (tf graduate schools, to all new recipients of 
Ph J>.s or the equivalent (e.g.. E J).) and requests iofimiation in three m^ycv categories: socioeconomic 
chancteristics (e.g.. date and place of birth, sex, ; ;rital status, number of d^endents. citizenship, race, 
Hiq>anic heritage, presence of ph«^cal handicap, ^ educational attainment of parents), education (e.g.. 
SQteOe and year of high school gtadu^don. dates and names of colleges attended, fields of study and degrees, 
title of disse r ta t i o n and field, and kind anu sources of financial support during graduate study), and 
postgraduatxon plans (e.g.. plans for further education or employment, including the type of employer, work 
activity, field, and organization). 

Survey results are used to construct the Doctorate Records File maintained by the National Research 
Council. This virtually complete listing of the ovct 818.000 recipients of doctorates awarded by U.S. 
universities since 192C includes research doctorates in all fields, but excludes piofessiojisl (clinical) degrees 
such as the M.D. ix the D.V.M. 

Finally. NSF repents data from the U.S. Immigration and Naturdization Service on the annual 
inflows of foreign scientists and engineers. 



Data Bases 

National Survey of Natural and Social 

Scientists and Engineers (NSNSSE) 
Survey of Science. Social Science, and 
Engineering Graduates (SSSSEG) 
Survey of Earned Doctorates (SED) 
Survey of Doctorate Recipients (SDR) 
S*]rvey of Graduate Science and Engineering 
Students and Postdoctorates (SGS ESP) 

Data collection method: 

Size of sample: 
NSNSSE 
SSSSEG 
SDR 
SGSESP 

Frequency: 



Respondent 

Individual 

individual 
Individual 
Iridividual 

Departments 

Mail survey 



138.000(1982 survey) 
35.900 (1986 survey) 
60.000 (1987 survey) 
619 dq)artments (1986 survey) 

Biennial. excq)t SED and SGSESP are annual 
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Availability: 

Perjonal data elements: 
Education data elements: 
Employment data elements: 



Computer tapes (except SDR and SED); detailed 
tabulations 

Age, sex» race, marital status, citizenship 

Level field, type of degree, sources of suppcnt 

Employment status, current occupation and type of 
employer, work activities, salary 
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National Center for Education Statistics (NCES) 
U.S. Department of Education 

The NCES hasbeenamqorsouioeof tr4iddataonenroUments^ 
education since 1966. Information is completed by all educational institutions. Fall Enrollment and 
Compliance Rqixvt of Institutions of Higher Education provides information on enrollments by co n trol of 
institutions Oniblic, private), level of degrees granted, and disciplinary sptcislty, sex, race, and age of 
students (some infonnation is not collected annually). Degrees and Oiher Awards Confened provides 
siniilariitformation on types of degrees conferred by higto Data 
are available (HI computer tqpes. 

NCES has begun to expand both its study population (finom qyfnroximately 3,400 higher education 
institutions to over 13,000 postsecondary institutions) and the xopt of its surveys. NCES recently began 
to conduct two new surveys, one on faculty and one on student finance. The National Survey of 
Postsecondary FacdtywiU be availd>le in Cdl 1988, after data are collect^ This survey will 

be r^eated every 3 years. Data from the National Postsecondary Student Aid Smdy, covering students 
enrolled in die foil (^1986, will be available in 1988. This survey will also be repeated every 3 years. In 
adcUtion, the Postsecondary Longitudinal S tudy will involve a sample of first-time students across different 
types of instituticMis, to be followed for 6 years, will be initiated in 1990, and will be rq)eated every 3 
years. The Recent Collie Graduates Survey will also track students for 6 years, beginning in their senior 
year of college. Thisstudy wiU be iiutiated in 1990, and anew cohc^ will be added every 3 years. 



Data Bases 

Fall Enrollment and Compliance Report 
Degrees and OAer Formal Awards Conferred 

Data cottection method: 

Zlie of sample: 

Frequency. 
Availability: 
Personal data elements: 

Education data elements: 



Respondent 
Educational institution 
Educational institution 

Mail survey 

Over 3,400 higher education institutions, now 
expanded to over 13,000 postsecondary institutions 

Annual 

computer t£4)es 

Fall Enrollment' Sex, race (biennially), age (every 4 
years); Degrees Conferred: sex, race (Uennially) 

Fall Enrollment: I ^vel, major program area, 
institution, control of institution (private/public); 
Degrees Conferred: level, field of study 



Employment data elements: 



None 



ERLC 
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Bureau of the Census 
U.S. DepartmeDt of Commerce 



Decennial Census 



u. u Decennial Census, a maU survey of households, provides both the basic sampling frame from 
which NSFs postcensal surveys of scientists and enpneers aie drawn and much-needed, though laigely 
imuqyeimfomiationonfofdgnnati^ The Bureau of Census* 1S?0 occupational codes for engineers 
mclude agricultural, aerospace, chemical, civil, clectrical/elecironics. industrial, cnarinc/haval, mrchanical, 
metaUurgicalAnataials, mining, nuclear, petrole^ and others. Sepawte codes jrc provided for engineering 
ficulty, those employed m managerial position;, and engineers employed in nonengineering occupations, 
computer scientists and analysts are coded separately. Codes arc also provided for engineering and related 
technologists and technicians in electrical/electronics, industrial, mechanical, and other engineering 



DataBase 
Decennial Census 

Data collection method: 



Freqiu ncy: 
Availability: 
Personal data elements: 
Education data elements: 
Employment data elements: 



Respondent 
Hbusehold 

Initial mail survey; personal interview follow-up with 
nonrespondents to mail survey 

Every 10 years 

Special computer tapes 

Age, sex, race, marital status, citizenship, income 
Level and field 

Employment status; occupation, type of employer, industry, 
work activities, and salary of current job 
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Bureau of Labor Statistics (BLS) 



ELS conducts the Occupational Empbyniem Survey and integrates results with data on self- 
employed engineers firom the Cunent Population Surve^^ to construct the Industry/Occupational Matrix, 
used in estimating base-year numbers of engineers and in making employment projections. BLS counts of 
engineers differ bom those of NSF, due to differences in survey methodologies and definitions. First of &11, 
BLS surveys efiaployeii not the engineers diemselves. In addition, BLS excludes military personnel, 
managers, and engineering faculty in its estimates. Its counts are based on occupational classifications and 
self-identifications, iiot on educational credentials: engineering-educated personnel employed in 
nonengiiieering jobs are usually excluded. 

Occupational Employment Sjurvey (OES) 

The OES is a cooperative, federal-state, data-collection program administered through state 
employment-security agencies in the SO states and the District of Columbia; a 3-year survey cycle is ne^-ded 
to cover the entire industrial sector. This mail survey collects information on employment in over 650 
occiq)atiuns that are based on two classification systems: tl tc Dictionary of Occupational Titles (DOl) and 
the Standard Occupational Classification System (SOQ. Included among these occupations are 60 science, 
engineering^, and related S/E support technician occupations. The survey provides position counts by 
industry. '^Engineers** are defined as 

persons engaged in the practical application of physical laws and principles of engineeriiig 
for the development and utilization of machines, materials, instruments, processes, and 
services, including those engaged in research, devdqpment, production, technical services, 
and other positions which require knowledge normally obtained throug^i completion of a 
4-year engineering college program. 

Emjdoyment data are cdlected on the number of persons working as engineers. Therefore, persons trained 
in engineering but currently woiidng in other occupations are not identified as engineers. Sales engineers 
and college engineering teachers can be identified, although they are not included with counts of engineers. 

Current Population Survey (CPS) 

The CPS, based on monthly household structured interviews, is designed to provide employment 
and demographic statistics. The survey results are used by BLS to estimate numbers of employed 
engineers. The survey questionnaire includes detailed em^o^ment and labor-market participation questions 
as well as limited information on demographic (e.g., age, sex, race) and educational variables. Sometimes 
information on citizenship is also provided. Starting in 1983, the occupational taxonomy in the CPS is the 
same as that in the 1980 Decennial Census. However, the sample size is not sufficient to provide detailed 
estimates for industry and education. 



DataBases 

Occupational Employment 

Survey (OES) 
Current Population 

Survey (CPS) 



Respondent 



Data Collection 
Method 



Employment institution 



Mail survey 



Household 



Structured interview 



Size of sample: 
OES 



160,000 
240,000 
322,000 
68,500 



CPS 



ERIC 



Frttpuncfi 

Availability: 
Persofial data elements 
EJucationdatademefUr. 
Ewploymetii data elemcntsr. 



OES: periodic S-year cycle for dififerent ffoxsps ct industries; CPS: 
montldy 

Special tapes; limited tabulaticms 

OES: none; CPS: age, sex, xdct, marital status, income 

OES: none; CPS: level 

Occupation, type of employer, and industry of current job; CPS 
also provides employment status and current salary 
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Battelle 



DataBase 

National Snrvey ot Compensation 

Data collection method: 

Size of Sample: 

Frequency. 

Avmlability: 

Personal data eleme*^. 

Education data elements: 

Empbyment data elements: 



Respondent 

Employment establishment 

Mail survey 

1^54 R&D centers 

Annual 

Tabulations 

None 

Level and field 

Occupation, type of employer, industry, level, work 
activities, years since bachelor's degme, and salary of 
current job 
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College Placement Council 



DataBase 

CbUege Placement Council Salary Survey 

Data collection methost 
Size of sample: 
Frequency: 
Availability: 
Personal data « ments: 
Education data elements: 
Employment data elements: 



Respondent 

College placement offices collect 
infonnation finom individuals and employers 

Mail survey 

186 placement officers in 1988 

4 times per year (January, March, July, September) 

Quarterly report, CPC Salary Survey 

Sex 

Level and cuiriculum 

Type of job function, industry sector, average starting 
salary diets made to college graduates 
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Appendix A-3 
Engineering Taxonomies 



I. Study Held and Occupational Taxonomies Used by NfiF 

1986 National Survey of Natural and Social Scientists and Engineers 

M^or Relds of Study 54 
Occ^ pations SS 

1986 Survey of Science, Social Science, and En^neering Graduates 

Degree and Employn^ent Specialty List S6 

Survey of Earned Doctorates (1985-86) 

Specialties List 57 

1985 Survey of Doctorate Recq)ients 

Employment Specialties List 5g 

n. NCES Classification System 59 
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1986 National Survey of Natural and Social Scientists and Engineers 
Major Fields of Study 




110 
111 
112 
11) 
114 
111 
fit 
117 
tit 
ttt 
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121 
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129 
130 
131 
132 
133 
134 
13$ 
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13t 
139 
140 



^iiii Mid tMfw Of wtdMs inafMQwiMnc 
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Qtnoiict 
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176 Haalthprofttaiona,othorftalda(4yoartor 
longar) 
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1986 National Survey of Natural and Social Scientists and Engineers 

Occupations 




711 Compimr pr ogr a m m tr 
71t CompunrtdsriM 
710 Coinpuiif lysltfnt 
721 Oth» cotwpuw y 
lirMV th§ 9pplie9bl9 
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723 M«th«m«tlci«n 

724 Oparationt rMWdi analyit 
721 Stitittidin 
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1986 Survey of Science, Social Science, and Engineering Graduates 
Degree and Employment Specialty List 
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Survey of Earned Doctorates (1985-86) 
Specialties List 




133 mmmo$ 4 MostitJitlet 

I3i EeelO0y * 
142 Em^nrolegy 
14S Cndoerinology 
I4i Entomology 
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APPENDIX B 



AGENDA 



Workshop on Data Needs for the 1990s 
National Academy of Sciences 
2001 Wisconsin Avenue. NW-Room 130 
Monday, March 28, 1988 

8:00 Continental Breakfast 



8:30 Wekome 



Introductory Remancs 



Overview 

r )mmittee*s Task 
orkshop Objectives 

Engineering Data Bases: 
Strengths and Weaknesses 



Robert Af . White, president 
National Academy of Engineering 

Richard J. Green, assistant director 
Directorate for Scient^, Technological, and 
International Affmrs, National Science Foundation 

John P, McTague, chairwan 

Committee on Data Needs for Monitoring 

Labor-Market Conditions for Engineers 

Engin /. Holmstrom, consultant 



Am^can Society for Engineering Education 

Bureau of the Census 

Bureau of Labor Statistics 

Engineering Manpower Commission 

National Center for Education Statistics 

National Science Foundation 

National Society of Professional Engineers 

9:30 Major Issues John P. McTague 

1 . Nature and scope of Occupational Mobility: flow dynamics; career patterns of engineers with 
different educational levels and training; fungibility of the engineering work force; resiliency 

2. Technical Currency: effects of new technologie$/fields on U.S. engineers; nature, scope, and 
effectiveness of continuing education and in-service training 

3 . International Flows: net effecu on U.S. engineering work force; number and types of foreign 
engineers who enter, leave, or remain in the U.S. engineering community 

4 . Women and Min orities: nature and effectiveness of increasing the participation c 
underrcpresentcd groups; numbers and utilization patterns of women and minorities; tracking 
whether participaticMi is increasing 

10:00 Break 
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10:15 Small Group Discussions 
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1 . Occupational Mobility 
Pam Atkinson 
JenierHaddad 
EricHeiz 

2. Technical Currency 
William UBold 
KariWillenbtock 

3 . International Flows 
Michael Finn 
Charles Falk 
DadWolfle 

4. Underrepresented Groups 
Bet^Vcttcr 

Alvin Bernstein 
Donald Weinen 

12: IS Lunch in Refectory 

1:15 Panel Pirescntation: Reconciling the Data Bases to Respond to the Major Issues 

Pom Atkinson, Michael Finn, William LeBold, 
Betty Vetter 

2:00 Open Discussion 

3:00 Break 

3:15 Open Discussion 

4:30 Summary JohnPMcTague 
Concluding Remarks 
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SUMMARY OF DISCUSSION 



Woikshq) on Data Needs for the 1990s 

National Academy of Sciences 
2001 Wisconsin/ venue, NW-Rom 130 
Monday, March 28, 1988 

John P. McTague, chair of the committee, welcomed woricshop participants ar^ introduced 
Robert M. White, president of the National Academy of Engineering, who spoke about the importance of 
the committee's task. Next, Richard Green, assisf-vit directCM' of NSFs Directorate for Scientific, 
Technotogical, and International AfEairs stressed the importance of the woikshop to the Foundation in 
planning its statistical activities for the 1990s. 



Introduction 

Dr. McTague stated that both the committee and NSF are interested in the information that 
properiy collected data can give in (vder to end>le one to fonnulate policy. Of particular interest aic data 
from which one can analyze trends and flow pattems-not static data, which present a sn2q>shot of a given 
field at a given time. He said that althougli several of the data bases use different definitions of "eng 
resulting in apparent discrq)ancies (some of that has to do with who defines the engineer- whether the 
engineers is defined by hi$^ eduooion or licensing, whether defined by the individual in terms d 
fimctionali^, or whether defined by the e^1p^oy^ng company or enterprise in terms of functionality), that is 
the small part of the issue. The larger part of the issue is how to collect data that are useful for 
government, industry, and academe to utilize for detnmining policy, in order to respond efifectf vely in these 
areas and to compete in a global environment that involves Fq)id technological change. That depends upon 
what the facts are, and in many cases, to extraa the facts that one is intmsted in from cunent databases is 
very difficult 

As an example. Dr. McTague noted that many of ^he functional research engineers in the United 
States actually have advanced degrees in the physical sciences. What are the implications of this for the 
support of science education, as well as fOT the support of engineering education? What might we expect 
for future supply and demand trends in subfidds <^ engineering, such as computer science, dectrical 
engineering, and mechanical engineering? What are the implications of the changing technotogical 
environment as fru* as continuing education and letiai'iiig of workers? What data indicate the amount and 
the effectiveness of such continuing education? 

He also asked, "How can one predict the demand for various fidds of engineering as one allocates 
resourc<^s that will have impact on universities for decades to come? How can we utilize all of the human 
resources of our country mod effectivdy-namely, increasing the involvement of minorities and women?" 
He noted that these are S(Hne of the questions that the study committee decided to nitherthan 
either to look at the data bases themsdves individually or to correlate them into a more useful pattern, the 
Committer determined that to discuss what data would be useful and impcmant for policy makers in 
government, indusuy , and academe and (by iiiteraciing with those who are ^xpeits on the data bases) to 
figure out what can be extracted from pre^ data bases, how the data bases d)ouId evolve in order to 
become more useful, and how they can be correlated. 
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Overview of the Data Bases 



Dr. Engin Holmstrom, consultant to the study committee, gave an overview of her examination of 
the engineering data bases. In talking about the strengths and weaknesses of the differed data bases, she 
stated that each data base is strong in the sense that it meets the puipose for wlach it ^ as designed. She 
believes ^st integration cf these data bases into a single comprehensive data base is an ideal notion 
impossibi^ to implement One can use different data bases and arialyze the data in such a way as to answer 
questuns for which they perhaps had not been designed 

She explained that one reason for the different 2S in estimates of engineers in the various data bases 
comes from how "the engineer" is defined in each. ; / insuuice, the Bureau of Labor Statistics (BLS) 
definition is more occupation-specific, since most BLS data is obtained from industry. For example, BLS 
asks employers to give the numbers of people in certain job positions, and whoever is in that particular job 
is coun^ as an engineer. Whether that person has been trained as an engineer or meets the academic 
credentials required ' y a licensing or crcdentialing organization doesn't affect his/her being consideff d an 
engineer. Ifanindividud does an engineering job, then he/she is classified as an engm On the other 
hand, the National Science Foundatfon (NSF) has a very complex way (rf defining engineers that diffck« 
greatly from the way that BLS defines them; methoddogical differences in the BLS and NSF surveys also 
lead to inconsistent counts of the number of enginem. Most BLS surveys arc establishment surveys, 
while NSF surveys individuals. The difference becomes very important when one asks certain questions and 
analyzes them. Some cross-tabulations of data are impossible, particularly in employer surveys, because 
the same questions are not asked in all surveys. 

Fuithermore, not every data base is designed to provide different levels of infcHmation. Surveys of 
both individuals and employing establishments pis,Adt cnumerative information. However, descriptive 
iriormation can be obtained <mly from surveys of individuals. Similarly, much of the analytic information 
of interest to policymakers is derived finom surveys of indivkluals The usefulness of the enunierative 
informatian depends on how rq>resentative the studies are. 

Descriptive and analytic uifoniTation, on the other hand, can be obtained from smaller studies, but 
the sample of respondents shouU be representative of the whole groi^). For instance, the National Society 
of Professional Engineers (NSPE) conducts an annual survey of income of its 6C,000 members, but that is 
neither representative cf tb**- entire engineering community nor gen^izable to the NSPE v embership 
because the response rate is only 24 poccnt 

The Engineering Manpower Commission (EMC) has a series of very strong data bases tiwi provide 
annually the number of suidents enrolled in engineering and technology programs, information on 
engineering and technology degrees, informatioii about salaries of practicLng engineers and acaddnic 
engineers. Their establishment-based surveys provide tabulations but do not allow for rross-tabulaUons. 

The American Society for Enginewing Education obtains rather comprehensive information about 
engineering students and fru:ul^ from all of the engineering schooils. 

The National Ccntw for Education Statistics (NCES) has been collecting data on enrollment znd 
degrees for over 20 years, but its data are not 100 percent comparable to what EMC, for instance, has. 
Because NCES is expr nding its data base in the iy90s from 3,000 to 13,000 higher education institutions. 
Dr. Holmstrom expects some delays in making the data available but rwerves judgment on the data's 
usefulness. The largest change will be in data on training awards below the baccalaureate. 

The Bureau of the Census and Bureau of Labor Statistics (BLS) are two other major data sources. 
The Bureau of the Census conducr the decennial census, which NSF uses to draw its sample for the 
postcensal survey and the subseq. . r surveys of experienced scientists and engineers. The Census provides 
the National Sci^ce Foundation ( F) the number of who say they are engineers and scientists in that 
particular decennial year. NSF then checks for degree, augments the sample with others who have college 
degrees, and ultimately arrives at a sample of scientists and engineers that is the base for the next four 
biennial surveys. BLS uses the Occiqxational Employment Survey (establishment/industry-based) and 
Cunent Population Survey (m^..thly household interview) to obtain information on engineers. The CPS 
includes questions that one can tease-for instance, to find out if an engineer has go'^e tc the technical 
reserve or to answer some of the mobility questions. 

The data bases of NSF are the most valuable for analyuc information because follow-up surveys 
are conducted. However, in some surveys the sample sizes are too small lor one to look at what a certain 
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subcategory or subspecialty of engineer is doing. NSF surveys, however, provide m>ich information that is 
not usually reported firom the data bases of other collection agencies. In facr, NSF is interested in learning 
what kinds of collected bui unrcpOTted infomnation would be most useful to the engineering community. 
Also, the NSF data could be analyzed differently to provide answers to different questions. 



Discussions 

Before the participants met in small groups. Dr. McTague noted that the individual discussion 
groups should fcrnulate for themselves the character of the issues believed to be the most important ones 
for the coming decades. Each group was asked not to define its activities narrowly but, rather, in terms of 
the priority questkxis that could be answeraUe either firom existing data bases or from qypropriately 
designed or e^qwnded data activities. The study conunittee was particularly interested in data that can be 
usmI to determine trends. What kind of data shouM we have to detemine, for example, typical undergraduate 
education ir engineering? Th'js, each group should determine a smtal number of questions having very 
high priority that are related to data about the q)ecific issue examined by that one group and then discuss 
how each question relates to existing data bases, how it might relate to expansion or correlation of existing 
date bases, or how it might require some special study. The fii-st thing is to discuss, within the broad area 
given to each particular discussion group, the small number of the most important areas for the next decade 
or two, those on which £actuitl information is needed in order for policymakers to act rationally. 

Dr. Charles Falk, a member of the study committee, noted that neither the committee nor the 
workshop was created to make projections about engineering supply aiul demand; instead, the emphasis is 
on determining what kind of data are needed to answer questions related to these sub iects. 

Mr. Alan Fechter, executive director of the Office of Scientific and Engineering Personnel, 
reviewed guidelines for the small-group discussioas: 

(1) The more general the information that is being required, the more important it is (if, for 
instance, we f uie asking for information that cuts across all fields, cuts across all industries, 
outs across a'l regions of the country, that seems to be the highest level of information); 

(2) Consideration should be given to the difficulty of the resource requirements that would 
underiie acquisition of the requested information (trying to create a massive data base that 
would allow us to describe the eiigineering community as a totality could be a massive 
un^-ertaking requiring large amounts of resources); 

(3) FLially, each group should bear in mi-^ ^ importance of the issues ^ cing addressed by 
their questions. 

Following the small-group sessions, the leaders of the small groups shared with the other 
workshop participants the character of the discussions and the particular priorities and action items that they 
had delineated. The following paragr2q)hs summarize the reports of the individual discussion groups, as well 
as open discussions on each topic deemed to be a major issue: occupational mobility and flow dynamk:s, 
international flows, maintaining technical currency, and underrepresented groups in engineering. 



Occupational Mobility 

Ms. Pamela Atkinson, former NAE fellow now at the University of California-Berkeley, said that 
the group on occupational mobility delineated three specific areas of emerging concern: 

(1) The need to refine and redefine very carefully the survey questionnaires because the data 

necessary now to determine futtue requirements do not really address q)ecifically enough the 
needs of the researc!.ers, who are concerned abcut (a) die educational path of die young 
engineer, (b) die subjective and economic concerns of that engineer, (c) die potential ccreer 
flexibility diat might be possible for diat engineer, and (d) the time lapse between when a 
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problem is identified and when intervention can take place, in teims of either education or 
career mobility. 

(2) The need to defme "engine^.r" less in tenns of discipline and more In terms of function. 

(3) Hie need fof data-collection agencies to gather information in more detail, to develop 
mechanisms to link the various components of that information to data bases elsewhere, and 
to disseminate the information better. 

The discussion group noted that data are needed on the rates of movement of engineers with various 
degree levels. For instance, those enrolled in graduate school should be defined more specifically: who are 
emolled in MS. programs, who are enndled ii^ Ph.D. programs, how many years out they ikiight have been 
before they reentered the school system, are they continuing with the mastu's degree right after the 
bachelor's, are they resident or nonresident students, how is their education financed? 

Mr. Jerrier Haddad, a member of the study committee and chair of the earlier Conunittee on the 
Education and Utilization of the Engineer (CEUE), added that participants felt that NSF data should be more 
career-oriented and that the BLS data would be substantially more useful if it contained elements implicit in 
the NSF data-namdy , education qiecialty. Dr. Michael Finn, of Oak Ridge Associated Universities at the 
time of the woikshop and nonv director of studies and surveys in die National Research Council's Office of 
Scientific and Engineering Personnel, agreed that the study conunittee's report should deal with the 
importance of fuming more consistency in occupational classification within the data bases. Dr. William 
K. LeBold, director of engineering education re^arch studies and information systems at Purdue University, 
suggested improving the current taxonomy of engineering by adding functiois in which engineers are 
employed-induding design, operations, and consulting-as well as levd of responsibility, technical or 
supervisory. In response. Dr. Charles Dickens, head of the Surveys and Analysis Section of the Division 
of Science Resources Studies in NSFs Directorate for Scientific, Technological, and International Affairs, 
noted that in some surveys, NSF has experimented with getting more information on the type of employer 
hut iiat it is very difficult for individuals to assign the same employer categorization as would be assigned 
by BLS. He added that more information on career changes can be obtained from NSFs longitudinal 
surveys through repeatedly surveying the same individuals about their change in status. He said that 
because both engineers and scientists are surveyed by NSF in a single questionnaire, the Foundation would 
also need to discuss with representatives of the scientific community how questionnaires might be designed 
to provide more of this infonnation. 

Dr. Robert Weatherall, director of care^ services at Massachusetts Institute of Technology, said 
that it was a question not only of gathering data for policy purposes, but also of helping the engineering 
community to know itself better. 



International Flows of Engineers 

Dr. McTague noted that becoming mor^ and more important is how the federal government will 
approach the issue of foreign engineering students. Is it good to have more than 50 percei.t of the students 
in some graduate engineering departments from other countries? Is having a high proportion of foreign 
students intimidating to American students? What are the implications of this for our immigration policy; 
should we encourage these students to stay after receiving their education? What are the implications of 
global technologic^ alliances? In fact, the engineering work force that is being used by corpwations in the 
United States does not rest just in this country at all; what are the implications of that? 

He noted that the area of international flows is quite important, but data are very difficult to 
acquire. The question of comparability is compounded, and the data are very highly aggregated. Foreign 
personnel data coUected by OECD are very highly aggregated and are limited in scope, reporting only 
scientists and enfinea:s engaged in R&D. NSF has made strides to previde information disaggregated by 
occupation and activity, but these data are not readily available in the countries diemselves. Thus, getting 
the information out that one wishes is almost impossible at present He noted that the CEUE addresrM the 
importance of flow data by devising a fairly complete model of the major inftows and outflows of 
engineering talent. Unfortunately,nosingledatabaseprovidesallof these pieces of information. He 
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suggested that the workshop participants could help by pointing out certain areas where the flow 
information is obtainable or would be obtainable with a finite degree of effort 

Mr. Haddad ix)ted that international flows are inextricably linked with alliances and gave examples 
from the automotive industry. 

Dr. Finn stated that the group on international flows of engineers examined policy issues. Data 
&om the Survey of Earned Doctorates dealing with current measures of the inflow of foreign engineers 
earning degrees from U.S. institutions are reasonably good; and beginning with the 1987 Survey of 
Doctorate Recipients, NSF is improving the follow-up procedures for persons with foreign addresses. 
But, Dr. Finn noted, Ph.D.s compose a tiny fraction of the engineering labor pool. For people below the 
PhJ>. level not until the 1986 Survey of Recent Graduates were persons with foreign addresses included. 
The group did endorse NSFs conducting of an immigrant survey and suggested that NSF keq) the foreign 
B.S. and M.S. graduates in the Recent Graduate Survey in spite of nonresponse bias for people with foreign 
addresses at the time of their graduation. 

A related question to this inflow was that flmu, because they have been having greater difficulty 
certifying foreign engineers to work in the United States recently, may be sending more work a'kHX>ad. We 
don't know to what extent we can measure the import and export of engineering services. Special surveys 
of emptoyers by NSF in the recent past dealt with questions relating to foreign natim^als. Ttie discussion 
group endorsed the idea of another survey that asked employers specifically about foreign-bom engineers 
employed in the United States and abroad and about the import and export of engineering services, fiDr 
measuring not only these flows, but also the impact of flows within corporations. 

The question of how long foreign engineers stay when they conric to the United States has been 
examinea, but little published information is available. As to the question about where the engineers come 
from, the basic data elements are there, but generating the data is complicated and difficult because concerns 
Lbout confidentiality usually preclude their release by NSF and the Bureau of the Census. Soiiie country-of- 
origin data are available from the Survey of Doctcrate Recipients, but suc^ data are not always tabulated on 
a regular basis. 

What factors promote the flow of foreign engineers to the United States? Research evidence 
indicates that economic, social, and political tactois are quite important The findings of social scientists 
that political freedom, fDr example, is an important determinant as well as economic factors certainly should 
not be overlod^"^ evidence shows that those who are supported by their own governments are more likely 
to return than those who are not suppc^ted by their governments. 

The existing data on the flow or interaction of Amencan engineers with foreign engineering 
enterprises are inadequate and anecdotal. However, the 1987 Survey of DoctCMrate Recipients has a series of 
questions asking Ph.D.s to indicate whether they have made trips 2d>road fcx" 3 or more months in some 
recent period of time and tr» describe somewhat their involvement with foreign work. If the results appear 
to be useful, the discussion {^» ^up felt that it may be quite worthwhile to do something similar for the B.S. 
and M.S. graduates in su*ve /s that NSF conducts, noting that B.S. and M.S. graduates comprise the vast 
majori^ of enginf^ Ihat may also be some possibilities for ex'^ioring existing data sources: DoD and 
DoE laboratories and contractors have security requirements that cause them to keq) track of who goes 
abroad; some foreign consub tes award visas to U.S. citizens; the IRS might have useful data if people take 
tax deductions for expenses associated with working away from home; J.S. companies* might be queried on 
data for these visits. In addition, we can and should continue to look at foreign immigration statistics 
(other countries keep track of who comes into their country as immigrants, even for short-tmi visits). 

The impact of foreign engineers on salary levels is a difficult but important question that has not 
really been adequately researched, althou^ data exist 

What happens to foreign national students who don't stay here is relevant, even if one focuses on 
the U.S. work fbrce, because foreign nationals earning degrees in the United States seem to be important 
contacts fbr people who are here and such information is relevant to technology transfer and intemadonal 
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competitiveness. However, the discussion group recognized that trying to keep foreign students who don't 
stay in the United States in the sample Ph.D., M.S., and B.S. populations would be cosdy. The Ph.D. 
survey doesn't include people who assert at the time of graduation that they have fiim plans to woik abroad; 
although that is a small fraction of the Ph.D. population, the feasibility of keeping them in the foUow-up 
surveys should be considered by NSF because of the cost of educating these people and the possible benefits 
of interacting with them around the world. 

The discussion group saw international comparisons as a valuable addidon to trend data NSF has 
started an ambitious program, with the help of the U.S. Census Bureau, to get (from foreign census 
bureaus) information on the numbers, occupations, and rharaclcrislics of scientists and engineers for the 
large industrialized countries. The group felt that this effort should continue. In addition, information on 
the emigration of American engineers should be sought from foreign census bureaus. 

Dr. Dael Wolfle. liaison to the study commiuec from OSEFs Advisory Committee on Studies and 
Analyses, agreed that we still have much better data on the engineers who are trained here and stay here than 
on those elsewhere who are influential here. One of the major data gaps is the difficult one of keeping track 
of people who were here but have gone elsewhere; in multinational corporations. Information transfer 
combinations are still effectively part of our system, which must be brought up to date with the reality. 
Dr. Falk added that the need for data on foreign students who leave the United States was given fairly high 
priority from a policy point of view because the real issue, especially in stale-operated universities, is 
whether subsidies are provided to foreign engineering students. Furthermore, we don't know what happens 
to those who leave and go to other countries: do they establish or maintain important US. contacts and 
enhance cooperation, or do they foster competition? 

Dr. Falk emphasized the high priority given by the group to learning to what extent Americans go 
abroad: this seems relatively feasible because it involves exrending an existing survey. It would provide 
useful data on another very important poUcy issue--namely, what is the dependency of the United States on 
ioreign engineering talent? 

By the same token. Dr. Falk noted that the third question was even more difficult: What effect 
will the presence of foreign engineers or immigrant engineers have on the culture of the activities in various 
institutions? To what extent wiU they be a major presence in academic institutions and affect curricular 
development? To what extent are they present in industrial institutions and changing the mode of 
engine^ ing that is done? Essentially, he said, the engineering community needs to know 'vhcie foreign and 
immigrant engineers are in the United Slates. Not all such questions are answerable stricUy by the data, 
however. 

Dr. Howard Adams, executive director of the National Consortium for Graduate Degrees for 
Minorities in Engineering. Inc.. ask-d whether the increased level of foreign assistant professors changes the 
culuire of a school. In respf nse. Dr. Finn explained that an NSF-sponscred survey of graduate faculty and 
graduate departments obtained actual numbers and their perceptions of the impact of large numbers of 
foreign graduates in engineering departments. It did ask. for example, the extent to which any of their work 
had been constramed by security considerations, but it did not attempt to determine the implications for later 
IMofessional practice of large numbers of foreigners in graduate engineering departments. Dr. McTague said 
Uiat the group discussing international rlows did take up the problem of foreign faculty and foreign teaching 
assistants, particularly as Uiey affect women and minorities, and in terms of their language capabilities. Dr 
Wolfle and Dr. Falk agreed that Uie issue of foreign engineering students and faculty must be pursued 
further. Ms. Jennifer Bond, study director of the International Studies Group in NSFs Division of Science 
Resources Studies, noted Uiat this discussion group also considered the possibility of doing a special study 
about these trends wiUiin multinational companies themselves, that this is a large part of die reality of 
today's environment compared to traditional ways of measuring nation, state, and citizenship. 

Dr. Falk added that another issue is to get more information on what limitation the defense 
establishment's activifies have experienced due to the fact Uiat, generally, foreign engineers and. in many 
cases, immigrant engineers cannot be employed or utilized on defense projects. 

Finally, the group discussed the question of integration of the various data bases. The NSF 
postcensal survey is almost perfecfly integrated with the 1980 census population. The area where lack of 
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integration i most coinmr''*''4 on is between NSF and BLS, and the discacsion gi^up reached no 
consensus. 



TechnicQ' Currency 

Dr. LeBold explained that the groiq) discu Jig technical currency addressed the general problem of 
defining ''technical obsolescence.** The current sun-eys provide !ielatively LJe information about it, but 
correlates of technical jirency include level of responsibility (technical or supervisoi/), degree level, 
activities engaged in (ranging from simple di^ussion to paioits or publications), and sources of 
information. He noted that informal acquisition oS infonnation is probably used much more extensively 
than formal, continuing educatior and that we need to be able to address how engineers at different levels 
and perforrning diflinent functions acquire information infiomudly. While current surveys can not 
necessarily provide infcrmaticn about this informal education, probably some targete"" in-depth studies 
could. Dr. Karl Willenbrock, a meniber of the study committee, added that no data base provides 
information about how well somebody really does a job. There was a feeling that if we had a good system 
for rareer-loi^ education, wc could raise p^Tfonnance levels. The small-group participants nlso examined 
technologies and the critical areas that should be addre.^. 

Hie current ^ urveys would provide minimal information about fungibili:y if one looks at field of 
major or highest degree and relates that to current functions or current fields.^ 

Resiliency itself can't be analyzed from current data, but correlates of various activities might be 
conducted, particularly in pilot stu^^'^s. While some of the professional engineering societies do conduct 
studies that provide dma about the level of technical responsibility, their cunrent surveys r*^vide very 
limited informaticm y %)ut technical obsolescence. 

%ter summarized the group's discussion about four points: 

(1) Utilization: Do we understand well what eQgineers do, and what does our infonnation 
system tell us about utilization of engineers (field in which they are woricing, activities in 
which they are engaged, the le* el of responsibility within those activities)? Some useful 
L^' .rmation already is collected. We know the fields, although taxonomic problems of 
respective fields shou^ je ad'^rtssed, and questions have been raised about whether the 
taxonomy of wcric activities is appropriate and adequate to fully understand what people are 
doing. In addition, information is lacking on level of responsibility of engineers. 

(2) Lack of data about technological change and emerging fields: Surveys of individuals are not 
useful in identifying ar^as in which technology is changing rapidly or in which fields are 
emerging dramatically. Delphi techniques, perhq;)s workshops of experts who would 
provide expert opinion about what is happening, or case stuoies looking at these issues 
might be better. 

(3) Training or educational activities that enable engineers to deal with these changes: How oo 
engineers accommodate emerging tecluiologies and developing fields? The general feeling 
w»s that the current survey instruments emphasize heavily the credit courses, both forma! 
and informal, but give insuCficien weight and attention the very elaborate se of informal 
acti* :ties of engineers-such .is sympasia, meetings, conferences; reading joun its; talking 
to c Jeagues-by which engir eers keq) themselves vu^ to date. He felt that personal surveys 
of engineers should ask about ;he amount of time that they spend at these various activities. 

(4) How to assess whether stalls are deteriorating or improving: Possible indicators might be 
papers given at int'vnationd meetings, patent citations, and salary of an individual engineer 
as V «U as the profitability of the employing firm. 

Dr. LeBold felt that skiUs could be assessed by relating salary, educational level, and function to other 
measures such as activities and sources of information. Maybe some lesuuch should be conducted so that 
more adequate measurement techniques are develi^^ed. Mr. Fechto' stressed that cnumerative data are 
necessary before one can ask relevant questions about what they mean. 
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Undempresented Grokps 



Dr« McTague asked, "What are the numbers and characteristics of women uik; minorities who enter 
engineering? Does the word 'enter* lefer to K-12, or to college freshmen, or to the labor force of 
engineering graduates?" Information on the K-12 system is insufficient, and we know very little about 
ch^ges in course-taking over the past several years. The High School and Beyond study examined the class 
that graduated from high school in 1980, but we don't know what has happened since. Engineering degrees 
and enrollments are decreasing, in percentage terms, man sharply for women than for men« Therefore, the 
IS percent of women now enrolled in engineering is not going to hold. We are very concerned with the 
need for timel' <bta, particularly at this point 

Ms. Betty Vetter, executive director of the Conunission on Ptofessionals in Science and 
Technology, felt that if ^vomcti are going to drop out of engineering faster than men, we need to know their 
reasons; age-group demographics are only om reason. Such infmnation wouU not be obtainable frx)m a 
data base; individual studies of individ'^al people and a coDtintiing longitudinal tracking of undergraduate 
students, both those who succeed and those ^ ho do not, seem imperative to her. She advocated more 
mtemal studies by institutions of their retention patterns for minorities, women, and nnen-such as those 
conducted by the Univ^ ^ty o^ Washington and Noithwestem University, for example. Furthermore, she 
said, if we find out wh^. «ps mincxides in the pipeline, we will also f? id out what keeps white nudes, 
who are increasingly dropping out She mentioned several engineerins ^tata bases not listed in 
Dr. Holmstrom*s background paper that might be helpful in analyzing some of the questions: (1) the 
Association of American Colleges' data base, just beginning in 1986, will have information on 
undergraduate courseworic at 35 institutions, (2) the Boy Scouts of Ameriu^ conduct an annual survey in 
American high schools to find people, both boys and girls, interested in its Explorer program, (3) the 
federal government collects data on employment of federal scientists and engineers, in particu* for the 
Federal Task Force on Women, Minorities, and tht^ Handicapped. One, for example, surveyed a matched 
sample of PhD. scien is and engineers in federal employment in 1977 and still employed in 1988 to see 
if they had improved salary relationships. Sh^ noted that they had not women, on average, earn 
ccMTcistently lower salaries than white or Asian men in 1988, as was also true of their starting salary levels 



According; to Ms. Vetter, the only data on utilization patterns for women and minorities are from 
BLS's occupational survey and the NSF estimates, but she cautioned 'hat BLS inevitably shows a 
proportion of women and minorities in any engineering population at q)i)roximately twice what the NSF 
proportions are. The other source for utilization data is NSF, but because the sample cells arc so small, we 
know very little. Ms. Vetter said thai hf r discussion group felt that the question of barriers for both women 
and minorities could not be answered by the current data bases. However, changing the taxonomy on which 
the data bases operate-using occupational classification of what the ei^eer does rather than the traditional 
academic field-might provide useful information. What we need irc many more individual studies in which 
a group of targeted people are asked, "Why is this so? Why did you drop out of engineering?" She ciied 
sucii a study of 176 women engineers who have decided to leave engineering aftei working in the field for 
several years. In addition, wc td studies to find out more about wttat happens to minorities who stait but 
don't finish-that is, do minority men and women differ in their persistence? 

The session on underrepresented gtoups in engincerir g fe!t that after some longitudinal, individual 
studies, we need a clearinghouse where tt* ^ information can be compiled and Uien disseminated. The 
discussion group's second biggest recommendation is to fund individual studies and then to disseminate the 
information. It was recommended, for example, that the National Science Foundation fund dat£k activities of 
the National Society of Black Engineers. 

Mr. Donald Weinert, a member of ibt study committee, focused on three areas: 

(1) Doing more tracking via longitudinal work because cun^nt data bases and collection efforts 
do not provide the kinds of answers that will allow decisionmakers to get at the policy 
issues. 
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(2) Coordination of efforts through a clearinghouse, and 

(3) Getting more minorities and women into faculty positions. 

He noted that most women and minorities in graduate engineering aspire primarily to the master's level and 
not to the Ph.D.» the prerequisite to attaining faculty tenure. Yet all of the systems that we have are more 
aimed at getting people onto the Ph.D. track because that is the entry level flDr faculty. Thus, we might be 
overlooldng a whole group of people who are really just focused on the master's level. 

Dr. Alvin J. Bernstein, a member of the study committee, added that one data gap is that in 
making the counts of minorities and females, we are unable to identify in any of the existing surveys l)lack 
females.** The counts are usually either by sex or by race/ethnic groiq). Those data are cleariy in some 
individual data bases but are not reported with such fine breakdowns. In several important data bases, such 
as EMC's enrollment and d .gree studies, the data are not even collected except fiDr head counts by sex and by 
minority group. 

K ^ Eric Herz, another member of the study committee, asked, ''If one of the subjects were how to 
attract minorities and womr \ into engineeri ig schools, would the data be useful to relate the qualities and 
the qualifications i the hign school science and math teachers and their role models? Would that be a 
useful way to find out which are die successful black students in a university and which are not?" 
Ms. Vetter responded that information on the qualifications of high school science and math teachers would 
be useful for several reasons, but is not available. Dr. Bernstein felt that such issues would not be addressed 
by a naticHial database. 

Mr. Fbchter asked, '*What information do we have or. the question of dual careers and their impact 
on enabling women, in particular, to successfully compete and move up the ladder in careers in science and 
engineering?" Again, Dr. Bernstein pointed out that understanding that phenomenon requires small 
ititensive studies of populations in the fiekl rather than reliance on datz bases. 



General Comments 

Dr. Richard Valentin, program manager at Argonne Natbual Laboratory, questioned the validity of 
surveys and suggested that much more reliable data couU be obtained from a sampling technique that 
followed up on it. Several workshop parti:ipants agreed that continuity is a critical issue. In the same 
vein. Dr. McTague believed that the use ol' existing data bases by clever manipulation or minor extension is 
clearly preferred to the creation oi a whole new class of studies. 

Mr. Haddad expressed concern about the lack of rationalization of what happened to create different 
numbers in the various engineering data bases. Mr. Herz concurred that being able to relate differences in 
the data bases is very important 

Ms. Vetter felt that some data don't ^t used as much as they could. For example, very little 
analytical wo^ is done on the Ph.D. data collected by the National Research Council for the National 
Science Foundation. In response, Mr. Neal Rosenthal, chief in the Bureau of Labor Statistics' Division of 
Occupational Outlook, said that the National Center tor Education Statistics has followed up the high 
school class of 1972. 

Dr. McTague focused on the kinds of questiokis to which answers are important and to which data 
are relevant When asked for other issues that the data bases should address. Dr. Pttr: C<uinon, vice 
presiddt for research and chief scientist at Rockwell Science Centei, cited recognition o "le present reality 
--one oi' comparative shortages in which employers are seeking to increase productivity of woricers by 
sharply inacased capital investment per employee-as very important In virtually any study of any labor 
niaii^ one wouM make an inquiry as to that investment because it is a significant variable impacting the 
Libor maitet Incorporating a sense of this reality in the context of the delivery of engineering services will 
elucidate a powerful external vari2d>le impi^ctir^ all of these questions of what happens to people. 
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Mr. Haddad added that citing examples of national issues on which data are lacking woulo aid tiie 
understandinx of the issues by nonprofessionals in the field. Dr. Dickens suggested that the committee 
mention the usefulness and importance of continuing many of the data-collection efforts; he said that 
focusing only on gaps might imply that some of these ongoing efforts could be sacrificed. He noted that 
NSF has Identified some major data gaps, which it is trying to address. For instance. NSF is working with 
the Immigiation and Naturalization Service to get much n-ort information about immigrant sciantists and 
engineers. 

Dr. Weatherall spoke of a ne ud for more consciousness of the engineer in entrqweneurial small 
compames and the use of engineers in roles that have not been thought of. historically, .s siricUy 
engineenng roles-such as yales. He cited two different interests: (1) the engineer in engineering and (2) the 
engineer as a person. Ms. Vettcr discussed the difference between WHAT an engineer is and WHO an 
engineor is. She felt that tlie committee should determine whether it would recommend changing the way 
u ^ifS ^ "^P'® ^ generation of data comes out, starting with 

the 1990 census Mr. Fechter expressed the participants' view that each data base should be maintained as 
flexftle as possible so that one look at whatever group of engineers is deemed appropriate to die 
prob e 1 exammed. When preparing its postcensal survey, for example. NSF must not excluri; people that 
It will ^ter regret excluding because they cannot be picked up once the sample has been established 

Dr. Falk recalled steps taken by NSF to creatr i more detailed taxonomy for computer specialists- 
a group rcpresentmg industiy and academe designed a more suitable taxonomy without seriously damanng 
earher ones Dr. Dickens noted that this more detailed classification syjtem of employment in compute 
fields was designed to preserve the continuity of the data system. He added that die Department of Labor 
and the Bureau of the Census participated in the development of the new taxonomy and are now conducting 
studies to see if they can miplement it in their own data^^llection systems, thereby making the taxonomy 
mucti more useful. jo i 

Dr Finn suggested that the current taxonomies could be supplemented by examining employment 
ads to see what employers are asking fiar. The group concurred that die committee should recommend 
somethmg that tends to be supplemental to. rather than replacement of. current taxonomies. Dr LeBold 
suggested that smaU pUot studies could be conducted or sponsored by NSF. the Bureau of Labor Statistics 
or the Nauonal Center for Educauon Statistics to examine more comprehensive taxonomies in engineering. 

Dr. Fred Schulz. section bead for R&D recruiting at Procter & Gamble, valued tb- longitudinal 
asp^xt nuuntamed even when questions are added to existi ; surveys, but suggested tha» e ;tudy 
committee continue its work and design the ultimate survey that maybe a decade or two l.u.n now could 
r^lace half the suweys. Dr. McTague felt that by emphasizing the increased importance of longitudinal 

MrnlAto^^glS^^ ^ ^""^ ^^"^ to for 

Dr. Dickens noted the importance '^f keeping in mind that all of the data collection doesn't have to 
be on on? quesUonnaire or in one survey. NSF has several surveys-iiistituUonal. individual, and quick- 
response-and also uses information collected by o jier agencies. There is a wide range of approaches 
available for use m-jlatmg the collected data t jie identified issues. 

^ Haddad suggested a formal mechanism to bring peDple together to discuss various issues 
relating to die engineermg labor market, perhaps a roundtable; he foresaw die need for one organization to 
convene regular meetings, perhaps annually, of data collectors. Mr. Richaixl Ellis of -Jie Engineering 
Manpower Commission agreed diat orchestmion is needed some place widi all diis effort: dierc are many 
separate pieces to be monitored and managed. Ms. Vetter agreed widi that concept, adding diat a central 
location for housing such collected data is essential. b "i-u a ccnirai 

Dr. Weatherall recalled Lee Hansen's suggesUon during the earlier study of die i.r,oact of defense 
spending on engmeaing employment Dr. Hansen had suggested diat individual univeisiti"es be encouraged 
to conduct studies of dieir own alumni to assess such issues as die migration of alumni between defense and 
nonuerensc work. 



ERIC 



76 

88 



In summary* Dr. McTague noted that the study committee's report will address the fact that this is 
a rather limited study that makes no attempt at being comprehensive, but in which the committee tries to 
focus on some very important areas where dispassionate ii^ormation is needed for important policy 
decisions and where the infoanatior. will have lasting value to serve policy makers ami the various 
engineering sectors in the United States for several decades. Discussion of the four groups at the woikshop 
will serve &s iie basis for the repent, with the committee's recommendations stated around the four broad 
issues: occupatkmal mobiUty and flow dynamics, international ftows, technical cunen 
underretifesented groups in engineering. Based m input at the workshop, the committee will (1) point out 
that erch data base serves sqMrate sets of functions r»Aer well, (2) prcqx>se that modest changes in some of 
the data collection ^y addition, rather than by total revision of what already exists, will be valuable, 
(3) emphasize diat, radier than trying to make their definitions similar, the data-collecting agencies should 
obtain modejt additi(xial information that will increase the comlative value of the data bases. 

Dr. Rnn added that the commiuee should also recommend the fre(3uency at which the data should 
be collected, and both Dr. McTague and Dr. Dickens agreed. Ms. June Chewning, senior naanpowev analyst 
in the Dqwrtment of Energy's Office of Eneigy Research, thought that some questions within the surveys 
could be asked alternately tr^ divide costs-*for example, the question of mobility might be examined only 
every 4 years. Ms. Vetter suggested that no more than 2 years elapse in the cycles of questions m order to 
mikii die data most useful and tc encourage respondents to retain and report in each survey cycle. 

Dr. Wolfle was impressed diat all of the small groups emphasized a need for information rather 
than for data, for understanding the dynamics of the situation. That means more studies of a qualitative, 
accumulatively longitudinal nature. 

In conclusion. Dr. McTague summarized four cross-cutting issues that emeiged £rom the 
deliberaiions of the w(»±shop: 

(1) The need to evoke ±c taxonomy in the various data bases so as to emphasize what people 
actually do as opposed to their academic disciplines, making the data bases taue functional, 

(2) The value of longitudinal suidies in every area, 

(}) Making existing data bases more conelatable with each other without harming the 

accum* ^ated information that exists in them (that implies additional questions that will have 
to be thought cu! more carefully to provide cross-cutting data so that the rest of the factors 
can be correlated), and 

(4) The need for special studies that contain information other than pure data. 



